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Patella: pa·tel·lae 
1.  A flat triangular bone located at the front of the knee joint which articulates  
with the femur. It is the largest sesamoid bone in the human body.  
The patella ossifies from age 2. Also called kneecap or knee pan.
2.  Type of the genus Patellidae, common European limpets. Limpets have  
flattened, pan-shaped shells. They are commonly found attached to rocks.
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Introduction
We see two basic types of sport injuries. The first type is due to a significant single 
episode of trauma, producing disruption of soft tissues or bony structures, and the 
second is due to repetitive minor traumatic insults, which can cumulatively produce 
damage that requires treatment. The former is common in contact sports. The latter 
tend to be caused by minor biomechanical inbalance. 
Patellofemoral pain syndrome
Patellofemoral pain syndrome is not a diagnoses but a description of the complaints. 
It is medical double talk that parrots back to the patient, in pseudo-medical terms, 
what the patient complained of in layman’s terms. It is not a diagnosis any more 
than “left elbow pain” is. The term patellofemoral pain syndrome must be used with 
caution. One must try to identify a specific cause for the patient’s knee pain since 
not all anterior knee pain will be treated the same 1. The treatment for pain without 
an underlying anatomical abnormality is conservative. 
Patellofemoral pain can occur without anatomic malalignment, history of trauma or 
patellar instability. Frequently the patient’s pain occurs when sitting for prolonged 
periods of time with the knee flexed, such as when visiting the theatre. Patients with 
this condition have neither dislocations or bony anatomical abnormalities. The pain 
denotes irritation of peripheral nerves, this can be caused by mechanical factors 
such as increased interosseous pressure or chemically such as with the production 
of cytokine enzymes. Pain denotes loss of tissue homeostasis 2. Tissue homeostasis 
is currently best manifested through the use of technetium scintigraphy. Patients 
with patellofemoral pain caused by increased interosseous pressure may 
demonstrate elevated uptake at the patella. The therapeutic approach is to restore 
the tissue homeostasis. This can be done by altering patients activities. Operative 
treatment in the lack of a clear diagnosis often result in structural iatrogenic damage 
and severe pain and dysfunction.
Objective patellar instability
A traumatic dislocation of the patella can occur in either the aligned or the 
malaligned extensor mechanism, and usually results from an external force being 
applied to the knee. Most patients do not present with a permanent dislocation, 
since most dislocations reduce spontaneously. In most knees at least one 
anatomical abnormality leading to patellar instability is present 3. In the dislocating 
process the articular cartilage can be severely damaged. The incidence of patellar 
dislocation is 5,8-7 per 100.000 per year 4,5. Most patellar dislocations are lateral, 
medial dislocation is often iatrogenic following previous surgery. Most patellar 
dislocations (72%) occur during sports 3. A first time dislocation can be complicated 
by recurrent patella dislocations. After a first patella dislocation 17% redislocates 
and after a second dislocation 49% redislocates 4. 
Potential patellar instability
Patients in this group are those with a slightly malaligned extensor mechanism, as 
evidenced by an anatomical abnormality. Patellar malalignment is the abnormal 
positioning of the patella in any plane 6. Patellar malalignment can lead to patellar 
maltracking. A maltracking patella is abnormally positioned at one or more points 
in the flexion-extension cycle. The J sign is a clinically aperrent sign of patellar 
maltracking. Through the flexion extension cycle the course of the patella resembles 
the letter J. As the knee goes from an extended position to slight flexion, the 
patella then jumps medially back into the trochlear groove. 
A patella that rides along the lateral femoral condyle as the knee flexes and extends 
is another example of maltracking. This can result from any combination of distal 
malalignment, a soft tissue imbalance, a dysplastic trochlea and internal rotation of 
the distal femur 1.
The patients in this group have not had a true dislocation. Subluxation can 
occasionally be found in physical examination; the patella can be displaced to a 
considerable extent. It is difficult to quantify this excessive lateralisation. One must 
be careful to use the term subluxation, because it can also refer to a radiological 
sign (i.e. an abnormal congruence angle or similar parameter) or a patients 
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symptom (i.e. a feeling of giving way as the patella slips out and then spontaneously 
back into the trochlea). 
The concept of malalignment is appealing to many orthopaedic surgeons. One 
must be very aware that factors other than malalignment can also cause anterior 
knee pain. The orthopaedic surgeon must be very thoughtful of operative interven-
tions in this group of patients. Before the initiation of treatment a diagnosis must be 
established. The worst cases of patellofemoral pain and dislocation are in patients 
who had multiple surgical interventions. There is no data on the incidence of poten-
tial patellar instability.
Decision making
The key to successful treatment of patellofemoral disorders is the correct diagnosis. 
The clinical decisions the physician is faced with can best be approached in 
phases. Treatment options should be supported if possible by Level I scientific 
evidence, but unfortunately many orthopaedic treatment options lack this evidence, 
and the treatment offered is based on experience or prior teaching. Moreover any 
surgical treatment is very much operator dependent, and the results can be 
markedly influenced by the degree of skill possessed by the surgeon. Randomized 
trials are non-existent and Level I or even Level II evidence is impossible to obtain. 
Irrespectively of the strength of evidence, any treatment must have a strong 
biological basis 7. This thesis hopes to improve the body of knowledge on patellar 
instability. In section A we describe the clinical aspects of patellar instability, in 
section B we describe the radiological aspects of patellar instability and in section 
C we describe the surgical results of operative intervention for patellar instability.
Aims of the thesis
Aim 1.  Identify in which patients groups with patella instability surgical treatment 
should be considered.
Aim 2.  Identify the cause of patella instability using conventional radiographs and 
CT scanning techniques.
Aim 3. Description of surgical results for patellar instability 
1
1716
1
References
1.  Grelsamer RP. Patellar nomenclature: the tower of Babel revisited.  
Clin Orthop Rel Res. Volume 436, July 2005, pp 60-65
2.  Dye SF. Reflections on patellofemoral disorders. In Patellofemoral disorders diagnosis 
and treatment. RM Biedert.
3.  Dejour D, Locatti E. Patellar instability in adults.  In Surgical techniques in Orthopaedics 
and Traumatology, Femur and knee. Aichroth P, Fixsen J, Verdonk R, Wymenga A  
(associate eds)
4.  Atkin DM, Fithian DC, Marangi KS, Stone ML, Dobson BE, Mendelsohn C. 
Characteristics of patients with primary acute lateral patellar dislocation and their  
recovery within the first 6 months of injury.  
The American Journal of Sports Medicine 2000;28(4):472-479
5.  Fithian DC, Paxton EW, Stone ML, Silva P, Davis DK, Elias DA, White LM. Epidemiology 
and Natural History of Acute Patellar Dislocation.  
The American Journal of Sports Medicine 2004;32(5):1114-1121
6.  Grelsamer R: Patellar Malalignment: Current Concepts Review.  
J Bone Joint Surg 82A:1639-1650, 2000.
7.  Banerjee, SN: Nonsurgical treatment of acute low back pain. In Basmajian JV and 
Banerjee SN (eds): Clinical decision making in rehabilitation.
Section A
Chapter
Eenvoudige diagnostiek leidt 
tot behandeling op maat 
van patellofemorale instabiliteit
2
A. van Kampen, S.Koëter
 
Nederlands Tijdschrift voor Geneeskunde 2006 22 april; 150(6) 881-885
22 23
Abstract
Simple diagnostics lead to treatment of patellar instability. Three patients presented 
with patellar instability. At physical examination the first patient experienced pain at 
the medial insertion of the medial patellofemoral ligament (MPFL) after a 
patellaluxation. He was successfully treated with a MPFL reconstruction. 
The second patient presented with patellofemoral pain, at physical examination the 
patella could be luxated laterally over approximately half of its width. Conventional 
radiographs showed a crossing sign, indicating a trochlea dysplasia. She was 
treated with a trochleaplasty. The last patient presented with patellofemoral 
instability. At physical examination a patella alta could be palpated. She was treated 
with a tuberositas distalisation. Patients with patellofemoral instability must be 
distinguished from patients with patellofemoral pain syndrome. Simple physical 
examination and conventional radiographs are usually sufficient to make this 
distinction. Treatment is tailored to the pathology established.
Drs. M. Holla vervaardigde de illustraties.
Bewerkt door NTvG, overgenomen met toestemming.
Dames en Heren,
Knieklachten zijn vaak aanleiding om een arts te bezoeken. Indien de pijn rond de 
knieschijf  gelokaliseerd is, denkt men vooral bij jonge patiënten, veelal eerst aan 
het moeilijk te behandelen patellofemoraal pijnsyndroom 1-3. Soms worden de 
klachten veroorzaakt worden door een patellofemorale instabiliteit. Deze kan zich 
uiten als een traumatische patella luxatie, die eenvoudig te diagnosticeren is, zoals 
wij u bij patiënt A zullen laten zien, maar ook als lastiger te diagnosticeren 
recidiverende patella subluxatie. Subluxaties leiden tot anterieure kniepijn zoals 
bij patiënt B en C, die soms gepaard gaande met een instabiel gevoel, zoals bij 
patiënt C. 
Patellofemorale instabiliteit kan berusten op een aanlegstoornis van het 
patellofemorale gewricht of op beschadiging van anatomische stabiliserende 
structuren door een traumatische patella luxatie 4. Met een zorgvuldige anamnese, 
aangevuld met eenvoudig lichamelijk onderzoek en conventionele röntgenopnames 
van het aangedane kniegewricht kan de oorzaak van de patellofemorale instabiliteit 
worden vastgesteld. Op basis van deze bevindingen kan een behandeling volden 
die specifiek gericht is op de oorzaak van het probleem. Wij willen u het spectrum 
van de klachten passend bij patellofemorale instabiliteit en de verschillende 
behandelmogelijkheden aan de hand van de volgende drie casussen demonstreren.
Patiënt A
Een 20 jarige mannelijke voetballer krijgt een trap tegen de binnenzijde van zijn 
linker knie en valt op de grond. Hij houdt zijn knie in gebogen stand en heeft zicht-
baar veel pijn. Geconstateerd wordt dat de knieschijf naar lateraal geluxeerd is. 
Door voorzichtige tractie aan het been wordt getracht de knie te strekken, waarna 
met een klikkende sensatie de knieschijf op zijn plaats schiet. Op de SEH van een 
naburig ziekenhuis wordt bij onderzoek en aanvullend röntgenonderzoek van het 
kniegewricht geen afwijkingen waargenomen behoudens een haemarthros. Patiënt 
wordt behandeld met een gips-loopkoker voor een periode van 6 weken. Na een 
fysiotherapeutische behandeling hervat hij zijn sportieve activiteiten. Hij blijft echter 
pijnklachten houden aan de anterieure zijde van zijn knie en soms heeft hij het 
gevoel door de knie te zakken. Voor nadere analyse wordt patiënt naar onze 
polikliniek verwezen.
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Bij het lichamelijk onderzoek geven wij, gezien de anamnese speciale aandacht 
aan de passieve stabiliteit van de patella. Aan de gezonde echter knie kan de 
patella in strekstand van de knie over een kwart van de patellabreedte naar lateraal 
worden verschoven. Aan de aangedane zijde lukt het gemakkelijk de patella te 
subluxeren naar lateraal (zie figuur 1a en 1b). Indien dit abrupt wordt gedaan spant 
patiënt de quadriceps aan, dit wordt een positieve apprehension test genoemd. 
Bij passief flecteren en extenderen van het kniegewricht van 0-30 graden wordt een 
normale sporing van de patella gezien. De diagnose wordt gesteld op een 
patellofemorale instabiliteit op basis van een insufficiëntie van het mediale 
retinaculum door een doorgemaakte ruptuur van het mediale patellofemorale 
ligament (MPFL) (zie figuur 1c). Een operatieve behandeling volgt waarbij een 
reconstructie van dit ligament wordt verricht met een hamstringpees (zie figuur 1d). 
Daarna heeft de patiënt geen doorzak gevoelens meer.
Patiënt B
Een 18 jarige jonge vrouw bezoekt onze polikliniek met pijn rond de knieschijf bij 
lopen en traplopen. Zij heeft nooit een patellaluxatie doorgemaakt. Bij lichamelijk 
onderzoek wordt geen afwijkende asstand van de benen vastgesteld. Beiderzijds 
kan de patella over driekwart van de patellabreedte naar lateraal worden verschoven 
in strekstand van de knie. Bij passief flecteren-extenderen van beide knieën valt op 
dat de knieschijf bij het begin van de knieflexie naar lateraal schuift (subluxeert) en 
dan abrupt terugspringt naar mediaal bij verdere flexie van de knie. Op de laterale 
röntgenopname van het kniegewricht is een afplatting van de laterale femurcondyl 
en een ondiepe trochlea te zien (zie figuur 2A en B). Op basis hiervan stellen wij de 
diagnose op bilaterale trochleadysplasie met als gevolg subluxerende patellae. 
Er wordt een trochleaplastiek verricht waarbij de laterale wal van de anterieure zijde 
2
Figure 1
A. Door een ruptuur van het MPFL in het mediale retinaculum is de patella manueel 
over de helft van zijn breedte naar lateraal te luxeren. Dit leidt tot een verhoogde luxatie 
neiging van de patella. B. Bij palpatie is de plaats van de ruptuur pijnlijk (bij de pijl).  
De continuïteit van het MPFL kan operatief hersteld worden.
Figure 2
A. De diagnose trochlea dysplasie (een relatieve hypoplasie van het anterieure aspect 
van de laterale femurcondyl) kan gesteld worden door een laterale röntgenfoto te 
maken. Op deze schematische weergave is te zien dat normaal de bodem van de 
trochlea doorloopt in de anterieure zijde van het distale femur (bij de pijl). Bij trochlea 
dysplasie kruist de trochlea bodem met de voorzijde van de laterale femur condyl  
(zie pijl). B. Op een laterale rontgenfoto (nb de posterieure condylen overlappen bij  
de lijn) van een dysplastische trochlea kruist de trochlea bodem met de anterieure zijde  
van de lateral femur condyl (bij de pijl). C. Een open wig osteotomie van de laterale  
femurcondyl wordt gebruikt om de condyl op te hogen naar zijn normale hoogte.
A B
A
C D
mediaal
patellofemoraal
ligament
C D
wig-osteotomie
B
trochleabodem kruizing
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van de laterale femurcondyl wordt opgehoogd (zie figuur 2C). Na revalidatie blijken 
de klachten van patiënte verholpen te zijn.
Patiënt C
is een vijftienjarig meisje dat al enige jaren last heeft van recidiverende patella 
subluxaties beiderzijds als zij onze polikliniek bezoekt. De klachten bestaan uit pijn 
tijdens het lopen en soms het gevoel door de knie te zakken. Bij het lichamelijk 
onderzoek valt behalve een subluxatie mogelijkheid van beide patellae ook een 
hoogstand van de patella op: bij 90 graden gebogen knie met een horizontaal 
femur komt de deels gekantelde knieschijf boven het niveau van het bovenbeen uit. 
De laterale röntgenopname van de 90 graden gebogen knie bevestigt de diagnose 
patella alta (zie figuur 3). De patellofemorale groeve is niet afwijkend. Wij adviseren 
patiënte om na het sluiten van de groeischijven een distalisatie van de tuberositas 
tibiae uit te ondergaan om de normale hoogte van de patella te herstellen.
Beschouwing
Zoals blijkt uit deze drie casus kan de diagnose patella instabiliteit vaak eenvoudig 
gesteld worden. 
Anamnese en lichamelijk onderzoek
Anamnestisch is er vaak sprake van pijnklachten rondom de knieschijf, mogelijk als 
gevolg van tractie op de weke delen door de subluxaties en spreken de patiënten 
van een instabiel gevoel op het moment van subluxeren of repositie van de patella. 
Bij lichamelijk onderzoek is de laterale verschuivings mogelijkheid van de patella 
goed vast te stellen. Als het een eenzijdige aandoening betreft is er een duidelijk 
verschil met de niet aangedane zijde. Pogingen de patella te luxeren worden als 
onprettig ervaren en ter voorkoming van een luxatie spannen patienten de 
quadriceps aan. Dit wordt een positieve apprehension test genoemd. Ook een 
patella alta kan bij lichamelijk onderzoek vaak al eenvoudig gediagnosticeerd 
worden, zoals in casus C.
Radiodiagnostiek
Zoals uit de casussen blijkt is, aanvullende radiodiagnostiek belangrijk voor de 
keuze van behandeling. Conventionele röntgenopnames zijn vaak afdoende, het 
vervaardigen van een CT-scan of MRI heeft bij enkele patiënten aanvullende 
waarde. 
Trochleadiepte. Voor het bepalen van de diepte van de trochlea, dat is goot waarin 
de patella glijdt tijdens flexie en extensie is het essentieel een strikt laterale röntgen-
opname van de knie te vervaardigen. Bij een zuiver laterale opname worden de 
dorsale zijden van de laterale en mediale condyl exact over elkaar geprojecteerd. 
Zo nodig dient deze strikt laterale opname met behulp van röntgendoorlichting 
gemaakt te worden 5. Als er geen anatomische afwijkingen zijn snijdt de lijn door de 
bodem van de trochlea niet met de anterieure cortex van de laterale femur condyl. 
Als dat wel het geval is, is de bodem van de trochlea op die plaats even hoog als 
de rand en is er daar derhalve geen sprake van een gootje. Op een strikt laterale 
opname is dit radiologische kenmerk, het crossing sign genoemd, betrouwbaar en 
reproduceerbaar 6. 
Patellahoogte. Op de 90 graden laterale opname van het kniegewricht kan de 
patellahoogte bepaald worden. Als die niet afwijkend is, loopt de bovenpool van de 
patella precies ter hoogte van een lijn getrokken door de anterieure cortex van het 
distale femur (zie figuur 3). Indien er sprake is van een patella alta, dan wordt de 
mate van distalisatie van de tuberositas tibiae bepaald door de lengte van dat deel 
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Figure 3
Een patella alta kan zowel bij lichamelijk 
onderzoek als bij röntgenonderzoek 
worden vastgesteld doordat de boven-
pool van de patella (zie pijl) boven het 
niveau van de anterieure cortex van  
het femur gelokaliseerd is. Door een 
tuberositas transpositie wordt de patella 
gedistaliseerd zodat hij weer beter spoort 
in de femorale trochlea. tibia  fibula
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van de patella dat boven de anterieure cortex lijn uitkomt. Om ligamentaire 
afwijkingen (bijvoorbeeld van het MPFL 7 ) en pathologie van de meniscus 8 vast te 
stellen kan een MRI geïndiceerd zijn. Een CT van het patellofemorale gewricht kan 
nodig zijn om pathologische lateralisatie van de tuberositas tibia vast te stellen 9. 
Behandeling
Het voortschrijdende inzicht in de oorzaken van deze afwijking heeft er toe geleid 
dat er een meer op maat gesneden behandeling geboden kan worden aan de 
patiënt. De behandeling kan bestaan uit een intensieve conservatieve behandeling 
middels spierversterking, uit een chirurgische behandeling of uit een combinatie 
van de twee. Er zijn meer dan 100 chirurgische behandelingen beschreven 10-16 
en waar vroeger veelal wekedelen ingrepen in zwang waren, zoals een verplaatsing 
van de patellaire aanhechting van de vastus medialis naar distaal en lateraal, in 
combinatie met een laterale release van het retinaculum wordt tegenwoordig 
gestreefd naar een reconstructie waarbij de anatomische afwijking zo goed 
mogelijk wordt hersteld. Doel van de behandeling is om beperkingen in (sportieve) 
activiteiten te reduceren, pijn te verminderen en verdere kraakbeenschade te 
voorkomen. De resultaten van operatieve interventie zijn minder gunstig indien er 
reeds kraakbeenschade is opgetreden 17. 
Sinds enkele jaren verschijnen er publicaties over groepen patiënten bij wie het 
MPFL is gereconstrueerd en bij wie goede resultaten worden gemeld. In het acute 
geval kan succesvol een primaire hechting van het MPFL uitgevoerd worden 18. 
Indien primaire reconstructies niet meer mogelijk zijn kan gekozen worden voor een 
reconstructie met een hamstring of Quadriceps autograft 19. Ook onze eigen, nog 
geringe, ervaring met deze reconstructie is, zoals in de eerste casus beschreven, 
gunstig te noemen.
Over de resultaten van de trochlea osteotomie ter correctie van een trochleadysplasie 
is nauwelijks literatuur voorhanden 20. Recent beschreven wij een serie van 23 
patiënten, waarbij de trochlea werd opgehoogd. Bij 21 patiënten was deze ingreep 
succesvol en traden geen (sub)luxaties meer op 21.
Door een tuberositas distalisatie, geïndiceerd bij een patella alta verandert de 
sporing van het patellofemorale gewricht. In feite wordt een subluxatie stand van de 
patella naar proximaal hiermee hersteld. De resultaten van anatomische 
reconstructies van het patellofemoral gewricht zijn gunstig, en succespercentages 
tot 96% worden beschreven 22. Indien de tuberositas echter te ver gedistaliseerd 
wordt resulteert dit op de langere termijn voor een hoog percentage van de gevallen 
in patellofemorale artrose 23-24. Ook indien tuberositas transposities worden 
uitgevoerd bij patiënten met patellofemorale pijn zonder aantoonbare anatomische 
afwijking zijn de postoperatieve resultaten slecht 25. 
Conclusie
Dames en Heren, 
De diagnostiek van recidiverende patella(sub)luxaties is eenvoudig uit te voeren 
waarbij men door anamnese, lichamelijk onderzoek in combinatie met conventioneel 
röntgen onderzoek vaak de oorzaak voor het probleem kan vaststellen. In de 
drie beschreven casus werd uiteindelijk gekozen voor operatieve interventie. 
De moderne behandel methoden zijn er op gericht de anatomische afwijking van 
een van drie stabilisatoren van het patellofemorale gewricht te herstellen. Dan wordt 
gekozen voor een trochleaplastiek bij een deficiëntie van de anterieure wal van de 
laterale femur condyl, een distalisatie van de tuberositas tibiae bij een subluxerende 
patella alta en een reconstructie van het mediale patellofemorale ligament na een 
ruptuur van dit ligament.
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Abstract
Patellaluxaties zijn een veelvuldig voorkomende aandoening met een incidentie 
voor primaire patellaluxaties tussen de 5,8-7 per 100.000. Wij geven in dit artikel 
een overzicht van de relevante aanvullende diagnostiek en een vergelijking van 
zowel conservatieve als operatieve behandeling bij een primaire patellaluxatie. 
Primaire traumatische patellaluxaties kunnen conservatief behandeld worden. 
Middels conventionele röntgendiagnostiek kunnen osteochondraal fracturen en 
eventuele vormafwijkingen aan het patellofemorale gewricht worden vastgesteld. 
Waarschijnlijk is immobilisatie voor enkele weken de meest aangewezen 
behandeling. Operatief ingrijpen is slechts dan geïndiceerd wanneer er sprake is 
van osteochondraal fracturen die refixatie behoeven. De belangrijkste complicatie 
is de recidiefluxatie. Bij recidiverende instabiliteit kan operatieve behandeling 
overwogen worden. Hierbij dient men de anatomische afwijking die de instabiliteit 
veroorzaakt te corrigeren om tot een bevredigend resultaat te komen
Patellar dislocations are a common injury. The incidence for primary patellar 
dislocations is 5,8-7 per 100.000. In this article we will give an overview of the 
relevant diagnostic options and we will give a comparison of both conservative and 
surgical treatment for primary patellar dislocations. Recurrent dislocation can be 
caused by congenital disorders of the patello-femoral joint, which contribute to 
patellar instability. 
Primary patellar dislocations can be managed conservatively. With conventional 
radiography, osteochondral fractures and anomalies in the patellofemoral joint can 
be detected. Immobilisation for a number of weeks is probably the most indicated 
treatment. Surgical intervention is only then indicated, when there are osteochondral 
fractures that require refixation. The most important complication is recurrent 
dislocation. When there is recurrent instability, surgical intervention can be 
considered. In the latter the anatomical abnormality causing the instability needs to 
be corrected in order to achieve satisfying results.  
Inleiding
Patellaluxaties komen veelvuldig voor. Er komen in Nederland ten minste 
928 primaire luxaties voor. De incidentie van primaire patella luxaties is tussen de 
5,8-7 per 100.000 per jaar 1,2. De incidentie voor adolescenten en in het bijzonder 
vrouwen is met tussen de 33-44 per 100.000 beduidend hoger 2,3. De incidentie 
neemt met de leeftijd af tot 1,5-2 per 100.000 voor personen tussen 30-59 jaar 1. 
De meest voorkomende patellaluxatie is een laterale luxatie, mediale luxaties zijn 
het gevolg van eerdere operaties. Hoewel het stereotype beeld van een patiënt met 
een patellaluxatie dat van de gezette vrouwelijke hyperlaxe adolescent is, komt het 
merendeel (72%) van de patella luxaties voor tijdens sportbeoefening en hebben 
slechts een gedeelte van de patiënten genoemde kenmerken 1. Een primaire, 
traumatische, luxatie wordt vaak gecompliceerd door recidiverende luxaties 4. 
Recidiefluxaties zijn dan ook de belangrijkste complicatie en komen voor bij 17% 
van de patiënten met één eerdere luxatie en bij 49% van de patiënten met twee of 
meer doorgemaakte luxaties, onafhankelijk van eerdere behandeling 2. Dit hoge 
recidiefpercentage roept de vraag op wat de beste behandeling is van traumatische 
patellaluxaties. Wij willen met dit artikel de pathogenese en ratio voor de behandeling 
van traumatische patellaluxaties weergeven.
Etiologie
Een patella luxatie wordt meestal door een indirect trauma veroorzaakt. Dit indirecte 
trauma ontstaat bijna altijd wanneer de quadriceps aangespannen worden met de 
knie in lichte flexie en exorotatie. Hierdoor komt er een grote, naar lateraal gerichte 
kracht, op de patella te staan, waardoor de patella naar lateraal kan luxeren. Hierbij 
ontstaat vaak een laesie in het Mediale PatelloFemorale Ligament (MPFL) 
Predisponerende factoren zoals patella alta, trochleadysplasie, tuberositas 
lateralisatie en, bij recidiverende luxaties, een ruptuur van het MPFL vergroten de 
kans op een patellaluxatie doordat ze de benodigde kracht om de patella te luxeren 
verkleinen. Bij personen met patella alta articuleert de patella pas bij grotere flexie 
in de trochlea, waardoor hij over een langer traject slechts door weke delen naar 
lateraal beperkt wordt. Een vergrote Q-hoek wordt algemeen aangenomen als een 
predispositie voor patellaluxaties, maar dit wordt niet door literatuur ondersteund en 
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is in de praktijk moeilijk te meten 1,2,5. Bij trochleadysplasie is de trochlea vlakker 
gevormd en biedt minder benige beperking aan de patella waardoor deze 
makkelijker luxeert 6. In het geval van tuberositas lateralisatie is de loodrechte 
afstand tussen het diepste punt van de trochlea en de tuberositas tibiae vergroot, 
waardoor bij aanspannen van de m.quadriceps de naar lateraal gerichte kracht 
groter is 6.
Anatomie
De stabiliteit van het patellofemorale gewricht wordt in stand gehouden door 
benige, ligamenteuze en musculaire structuren. Een verstoring van één van deze 
structuren verstoort de balans in het gewricht en kan leiden tot patellofemorale 
instabiliteit. In het geval van laterale patellaluxatie zijn het de m.Vastus Medialis 
Obliquus (VMO) en met name het MPFL die de grootste bijdrage leveren aan 
patellofemorale stabiliteit. Anatomisch is het MPFL een verdikking van het mediale 
retinaculum en geen op zichzelf staand ligament. Het MPFL loopt van het 
adductoren tuberculum op de mediale femurcondyle naar de superomediale zijde 
van de patella, de insertie van de VMO op de patella is juist proximaal hiervan. 
Er bestaat een nauwe verbinding tussen de VMO en het MPFL (Figuur 1). Het MPFL 
levert tussen de 50-80% van de kracht die lateralisatie van de patella voorkomt 7. 
Vooral in geringe flexie van de knie articuleert de patella nog niet in de trochlea en 
zijn er geen benige structuren die lateralisatie voorkomen. Bij grotere flexie in de 
knie is het de laterale femurcondyle die de grootste bijdrage levert aan de laterale 
stabiliteit 7. Dit verklaart het traumamechanisme van luxatie bij geringe flexie en de 
hoge frequentie van MPFL letsels 8. De overige ligamenteuze structuren als het 
mediale patella retinaculum, patellotibiale ligament, patellomeniscale ligament en 
het laterale retinaculum dragen in veel mindere mate bij aan de laterale stabiliteit. 
Klinische presentatie
Patiënten met een doorgemaakte patella luxatie presenteren zich doorgaans met 
een gezwollen, pijnlijke knie na een trauma en het gevoel dat ze door de knie zijn 
gezakt (giving way). Daarnaast kan een extensiebeperking in de knie aanwezig 
zijn 9. In een minderheid van de (<10%) gevallen zal de patiënt zich presenteren met 
een persisterend geluxeerde patella (Figuur 2) 5.  
Anamnestisch kan de patiënt in de periode voorafgaand aan het trauma een 
subluxatie gevoel hebben gehad. Differentiaal diagnostisch moet vooral gedacht 
worden aan kapsel, meniscus en kruisband letsel 9 en aan corpora libera, mogelijk 
als gevolg van intra-articulaire schade. De aard van het trauma dient zorgvuldig 
nagegaan te worden omdat de recidiefkans groter is bij een gering trauma. 
Als bijvoorbeeld bij een geringe draaibeweging van de knie een patellaluxatie 
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Figure 1
Mediaal aanzicht MPFL en overige 
ligamenteuze structuren
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Figure 2
Geluxeerde patella van de linker knie, de 
contouren van de geluxeerde patella zijn 
duidelijk zichtbaar aan de laterale zijde 
van de knie
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optreedt, dan is het waarschijnlijk dat er sprake is van een dysplasie van het 
patellofemorale gewricht. Dit vanwege de dan waarschijnlijk aanwezige onder-
liggende ossale pathologie. In het geval van een recidief luxatie dient dan ook 
specifiek gevraagd te worden naar voorafgaande subluxatie gevoelens en de 
omstandigheden waarin eerdere luxaties zijn opgetreden.
Bij lichamelijk onderzoek wordt een fors gezwollen knie gezien met een aanwezig 
haemarthros. Palpatie van het mediale retinaculum is doorgaans pijnlijk. Bij palpatie 
van het MPFL is deze pijnlijk bij de aanhechting aan de adductoren tuberculum of 
aan de mediale patellazijde, of wordt een delle gevoeld over het traject van het 
MPFL (Figuur 3) 5. Bij onderzoek in de subacute of chronische fase is het 
‘apprehension sign’ veelal positief, hierbij wordt de patella met de knie in extensie 
naar lateraal geduwd terwijl de voet in exorotatie is. Bij reactief aanspannen van de 
quadriceps door de patiënt is de apprehensiontest positief. 
Diagnostiek
Beeldvormende diagnostiek na een traumatische patellaluxatie heeft twee doel-
stellingen. Ten eerste geeft het informatie over de aanwezigheid van intra-articulaire 
bot- en kraakbeenschade en rupturen van het MPFL en de VMO. Ten tweede geeft 
het informatie over het bestaan van eventuele predisponerende factoren die 
bijdragen aan patellofemorale instabiliteit 5,10. Röntgendiagnostiek in de acute fase 
bestaat uit een anteroposterieure (AP), laterale en axiale opname. Met behulp van 
conventionele radiodiagnostiek kan een beeld verkregen worden over de stand van 
de patella na repositie en de aanwezigheid van osteochondrale fragmenten in het 
gewricht. Deze zijn voornamelijk afkomstig van de patella en laterale trochlearand. 
Met name de axiale opname geeft informatie over de aanwezigheid van 
osteochondrale fragmenten want deze bevinden zich vaak in de laterale recessus. 
Puur chondrale fracturen worden op conventionele foto’s niet weergegeven. 
Stanitski et al tonen aan dat de osteochondrale laesies die op foto’s worden gezien 
slechts 32% is van de laesies die bij operatie worden gezien 11. Problemen bij het 
diagnosticeren van osteochondrale laesies kunnen worden ondervangen door het 
gebruik van MRI. MRI is zeer geschikt voor kraakbeenletsels waardoor 
osteochondrale laesies beter gedetecteerd kunnen worden. Vaak is wat op een 
conventionele foto een klein ossaal defect lijkt, een groot kraakbeen defect. 
Daarnaast kan met MRI letsel aan het MPFL goed in beeld worden gebracht. 
Sanders et al toonden in een beperkte onderzoekspopulatie aan dat voor letsel aan 
het MPFL de sensitiviteit en specificiteit van MRI respectievelijk 85 en 70% is 12. 
Letsel aan de VMO kan op de MRI gezien worden als oedeem rond de distale spier-
vezels en mogelijk loslating van het adductoren tuberculum 8. Het vóórkomen van 
een concave impactie van de inferomediale patella is een specifiek teken voor een 
doorgemaakte luxatie en komt in 44% van de gevallen voor 13. Bij gebrek aan 
beschikbaarheid van MRI kan gebruik worden gemaakt van echografie. O’Reilly et 
al toonden aan dat echografie, gecontroleerd door inspectie bij chirurgie, letsels 
aan het MPFL, de VMO en benige avulsies accuraat weergeeft 14. In het geval van 
een recidief patella luxatie dient aanvullend onderzoek tevens gericht te zijn op het 
aantonen danwel uitsluiten van onderliggende pathologie. Veelal zal aan de patel-
laluxatie één van de eerder genoemde predisponerende factoren ten grondslag 
liggen. Zo heeft 50% van de patiënten met patella instabiliteit een patella alta, 56% 
een lateralisatie van de tuberositas tibiae en komt het ‘crossing sign’, wijzend op 
trochleadysplasie, bij 96% van de patiënten met patella luxatie voor 1,6. 
Met conventionele radiodiagnostiek kunnen een groot deel van de ossale 
afwijkingen welke ten grondslag aan patella instabiliteit liggen, worden gedetecteerd. 
De laterale opname in flexie geeft informatie over de aanwezigheid van patella alta 
en trochleadysplasie. Een patella alta kan worden bepaald met de methode volgens 
Blackburne-Peel. Hierbij wordt met de knie in minimaal 30° flexie een lijn wordt 
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Figure 3
Lichamelijk onderzoek patella instabiliteit. 
De patella is naar lateraal verplaatsbaar 
en er kan een pijnlijke delle gevoeld worden 
over het MPFL
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getrokken door het tibiaplateau, vervolgens wordt de loodrechte afstand van deze 
lijn tot de onderkant van het gewrichtsvlak van de patella gedeeld door de lengte 
van het articulerende deel van patella. Normaal is deze waarde 0,8, bij patella alta 
ligt deze boven de 1,0 (Figuur 7) 15.  
Trochleadysplasie wordt aangetoond door het ‘crossing sign’. Hierbij kruist de 
projectie van de trochleabodem met die van de anterieure cortex van de laterale 
femurcondyle (Figuur 8) 6. Een goede laterale opname met beide femurcondylen 
posterieur op één lijn is hierbij van belang omdat een kleine rotatie afwijking reeds 
leidt tot een foute diagnose.
De axiale opname geeft informatie over de mate van subluxatie, aanwezigheid van 
osteochondrale fragmenten en de sulcus hoek, welke een normaalwaarde heeft van 
138∞ met een standaarddeviatie van 6∞. Deze opname dient genomen te worden 
met de knie in 30∞ flexie om foutnegatieve uitslagen te voorkomen (Figuur 9) 17.
Tuberositas lateralisatie (een vergrootte afstand tussen trochlea en tuberositas 
tibiae) kan worden weergegeven door middel van computed tomografie (CT) of 
MRI 18. Hierbij wordt een lijn getrokken door het diepste punt van de trochlea, lood-
recht op de lijn getrokken door de posterieure femur epicondylen. Vervolgens wordt 
deze lijn geprojecteerd op het beeld ter hoogte van de tuberositas tibiae waar een 
lijn parallel aan de ‘trochlea-lijn’ wordt getrokken door het meest anterieure punt van 
de tuberositas tibiae. De afstand tussen beide lijnen is de TT-TG afstand (Figuur 10). 
Deze wordt pathologisch beschouwd bij een afstand van meer dan 15mm 6,18.
Behandeling
Een persisterende patellaluxatie dient op de spoedeisende hulp gereponeerd te 
worden. De patiënt presenteert zich dan doorgaans met een knie in flexie. Als men 
de knie strekt zal de patella vaak al vanzelf reponeren. Voor voldoende ontspanning 
om de knie te kunnen strekken is vaak enige sedatie nodig. Mocht de patella nog 
niet gereponeerd zijn dan dient dit manueel te gebeuren, waarbij de patella wordt 
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Figure 7
Blackburne-Peel meetmethode voor  
patella alta. Bij patella alta is A/B >1,0
Figure 8
Trochleadysplasie weergegeven met conventionele radiodiagnostiek en schematisch. 
In de rechter knie kruist de projectie van de trochleabodem met die van de anterieure 
cortex van de laterale femurcondyle, duidend op trochlea dysplasie
Figure 9
Axiale opname. De sulcus angle is de 
hoek gemeten tussen de lijnen getrokken 
van de bovenrand van de mediale en  
laterale condyle naar het diepste punt  
van de trochlea.  De normaalwaarde is 
138º ± 6º
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gereponeerd met een zachte naar mediaal gerichte druk. Hierbij laat men de patiënt 
zitten met een gestrekte knie, zodat de quadriceps ontspannen zijn. Soms kan de 
patella hierbij blijven haken op de laterale femurcondyle en iets tilten, dan is er een 
naar dorsaal gerichte druk op de patella nodig om hem te ‘onthaken’ waarna hij 
verder naar mediaal kan worden geschoven 5,19. Repositie dient zonder grote kracht 
te gebeuren om iatrogeen osteochondraal letsel te voorkomen. Bij een ernstig 
pijnlijke knie, als gevolg van een haemarthros, kan een ontlastende punctie over-
wogen worden 5,19,20.
Bij de conservatieve behandeling van patellaluxaties na repositie kan gekozen 
worden voor het voor 4-6 weken immobiliseren in gips, of voor kortdurende 
immobilisatie met daarna, ondersteund door een brace, oefenen met licht flecteren 
van de knie. Het voordeel van de gipsimmobilisatie lijkt te zijn dat het mediale 
retinaculum zonder spanning kan genezen, met relatief weinig littekenweefsel. 
Indien knieflexie wordt toegestaan is mogelijk een bredere littekening het gevolg 
met misschien meer kans op recidief luxaties. Het nadeel is dat door de langdurige 
immobilisatie flexiebeperkingen en atrofie optreden 21. Voor snelle mobilisatie pleit 
dat er minder atrofie optreedt en dat de coördinatie van de spieren intact blijft. 
Het nadeel is dat het mediale retinaculum al in een vroeg stadium belast wordt. 
Wij opteren voor behandeling met gipsimmobilisatie voor 4-6 weken gezien de 
lagere recidiefkans 22.
Er kan in beide behandelmethoden direct begonnen worden met het in extensie 
mobiliseren van de quadriceps door middel van isometrische contracties en het 
heffen van het gestrekte been 5. Vervolgens kunnen activiteiten op geleide van 
kracht en symptomen worden uitgebreid naar lopen zonder brace, rennen en 
uiteindelijk terugkeer naar normale dagelijkse (sport)activiteiten. 
Cash et al behandelden 74 patiënten met primaire patellaluxaties. Van deze 
conservatief behandelde patiënten hadden er 58% een goed tot zeer goed resultaat 
bij een gemiddelde follow-up van 8,1 jaar (minimaal 2). Deze patiënten werden allen 
behandeld met immobilisatie van de knie in extensie welke werd pas opgeheven 
nadat pijn, effusie en passieve hypermobiliteit van de patella verdwenen waren. 
De periode van immobilisatie varieerde van 1-6 weken. Recidief luxaties traden op 
in 36% van de patiënten 23. Garth et al behandelden 69 knieën waarvan 39 als 
primaire luxatie en 30 recidiefluxaties zonder tot dan adequate behandeling. 
Patiënten werden, zonder periode van immobilisatie, direct behandeld met oefen-
therapie bestaande uit gestrekt been heffen gevolgd door het dragen van een 
bandage met een laterale padding ter ondersteuning van de patella. Hierna werd 
begonnen met passieve, actief geassisteerde mobilisatie. De minimale follow-up 
was 24 maanden. Voor patiënten met een primaire luxatie waren de resultaten in 
85% van de patiënten redelijk of beter, in totaal 26% van de patiënten had een 
recidiefluxatie 24. Mäenpää en Lehto onderzochten in hun studie 100 patiënten met 
primaire luxaties met een gemiddelde follow–up van 13 jaar. Alle patiënten werden 
conservatief behandeld; patiënten werden met gips, achterspalk of een brace 
geïmmobiliseerd. Zij vonden gipsimmobilisatie een hogere flexie/extensie beperking 
opleverde dan behandeling met een brace. Daar stond tegenover dat patiënten 
behandeld met een brace een significant hoger recidiefpercentage hadden. Over 
de gehele studie was er een recidiefpercentage van 44% en was 37% van de 
patiënten tevreden na primaire conservatieve behandeling 22. (Zie Tabel 1) 
Duidelijke indicaties voor primaire operatie zijn osteochondrale fracturen van de 
patella of laterale femurcondyle, zeker als deze leiden tot slotklachten 2,4,5,23,25,26 of 
persisterende instabiliteit 2,4,5,23-26. Osteochondrale fracturen kunnen eventueel 
middels arthroscopie gerefixeerd worden. Daarnaast kan arthroscopie als 
diagnosticum voor verdere intra-articulaire schade gebruikt worden. 
Indien er geen onderliggende pathologie aanwezig is kan een MPFL herstel of 
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Figure 10
Tuberositas lateralisatie. Er is sprake 
van tuberositas lateralisatie wanneer de 
afstand tussen de tuberositas tibiae en 
trochleabodem (TT-TG afstand) meer dan 
15mm is
44 45
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Tabel 1  
Verschillende studies naar behandeling van patellaluxaties; opzet, behandelmethode  
en resultaten
Studie Behandeling Opzet N Follow-up Behandeltechniek Resultaat % Recidieven
Cash 1988 Conservatief Retrospectief 74 8 jr. Immobilisatie dmv (gips)spalk + spierversterkende
     fysiotherapie 58% goed tot zeer goed 36
Garth 1996 Conservatief Retrospectief 69 1 2 jr. Direct oefentherapie en bandage met laterale padding 78% tevreden 26
Mäenpää 1997 Conservatief Retrospectief 100 13 jr. Circulair gips, achterspalk of brace Overall 37% tevreden,  Resp. 38, 47
      geen verschil in Kujala score en 57
Vainionpää 1990 Operatief Prospectief 55 2 jr. Mediale reparatie/reving +/- LR 80% goed tot zeer goed 9
Harilainen 1993 Operatief Prospectief 53 6,5 jr. Mediale reparatie +/- LR 60% tevreden 17
Sallay 1996 Operatief Prospectief 12 2 jr. Mediale reparatie 58% goed tot zeer goed, 0
     (adductorpees augmentatie in 1 casus)  42% redelijk 
Ahmad 2000 Operatief Retrospectief 8 3 jr. Mediale reparatie + LR Overall 96,9% tevredenheid 0
Deie 2005 Operatief Prospectief 43 9,5 jr. Mediale reconstructie dmv semitendinosus-pees +  Kujala score ± 95 0
     Vastus Medialis advancement  met of zonder  post-operatief
     laterale release   
Schöttle 2005 Operatief Prospectief 12 4 jr. Mediale reconstructie dmv semitendinosus-pees + 53% uitstekend, 33% goed, 8
     tuberositas medialisatie in 8 patiënten 13% redelijk 
Nomura 2006 Operatief Prospectief 12 4,2 jr. Mediale reconstructie dmv semitendinosus-pees 66% zeer goed, 17% goed,  0
      17% redelijk
Nikku 1997 Conservatief vs  Prospectief 55/70 2 jr. Proximaal realignement in operatieve groep gevolgd  70% goed tot zeer goed, 30(cons)
 Operatief    door 3 weken gipsimmobilisatie in beide groepen.  zowel cons. als oper. 20(oper)
     Daarna mobilisatie mbv stabiliserende brace   
Nikku 2005    7 jr.  Cons: 81% goed tot zeer goed  39
      Oper: 67% goed tot zeer goed 31
Büchner 2005 Conservatief vs  Retrospectief 63 / 37 8 jr. MPFL reconstructie met proximaal realignement in de  Cons: 67%, 71% 2 27(cons), 20 2,
 Operatief  20 2 / 6   operatieve groep gevolgd door vroege mobilisatie in  Oper: 80%, 69% 3 27(oper), 33 3 
     alle groepen (muv refixatie) mbv stabiliserende brace  (Subjectief succesvol)
     voor 4 weken.
1) 39 met primaire luxatie en 30 met eerdere luxatie zonder adequate behandeling
2) Alleen arthroscopie ter verwijdering (osteo)chondraal fragment  
3) Open refixatie (osteo)chondraal fragment
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reconstructie overwogen worden (Figuur 6). Deze operatie is met name een optie 
bij topsporters 5. 
De resultaten voor MPFL herstel, al dan niet in combinatie met laterale retinaculum 
release, zijn goed. Percentages recidiefluxaties variëren van 0 tot 27% en de 
patiënttevredenheid is over het algemeen hoog. De follow-up varieert van 2 tot 8 
jaar 4,21,25,27-29. Meer recent zijn er ook studies verschenen waarin goede resultaten 
worden beschreven bij het reconstrueren van het MPFL met behulp van de 
semitendinosuspees. Bij follow-up van 3 tot 9,5 jaar worden recidiefluxaties van 
0 tot 8% beschreven. Echter de onderzoekspopulaties bevatten zowel habitueel 
luxerende patella’s, knieën met congenitale afwijkingen als primaire luxaties. 
Daarnaast werd deze reconstructie veel in combinatie met andere realignement 
procedures gedaan 30-32. 
Er is helaas maar weinig literatuur over het verschil in succes tussen operatieve en 
conservatieve behandeling. Tot op heden zijn er bij ons slechts twee studies 
bekend waarbij conservatieve met chirurgische behandeling wordt vergeleken. 
Nikku et al vergeleken in hun prospectieve gerandomiseerde studie operatieve 
(verschillende procedures) versus conservatieve behandeling. Geëvalueerd werd 
bij een follow-up van 2 en 7 jaar. Na 2 jaar was de patiënttevredenheid in zowel de 
conservatieve als operatieve groep in 70% van de patiënten goed tot zeer goed. 
Het percentage recidiefluxaties lag bij de conservatieve groep op 30% en bij de 
operatieve groep op 20%. Na 7 jaar echter was de patiënttevredenheid in de 
conservatieve groep groter dan in de operatieve, terwijl de percentages recidie-
fluxatie voor conservatieve en operatieve behandeling niet significant verschillend 
waren 26-28. Deze resultaten worden ondersteund door Büchner et al die in hun 
retrospectieve studie geen significant verschil vonden tussen conservatieve, 
arthroscopische of operatieve procedures (proximale realignement) wat betreft 
recidiefluxaties, activiteiten niveau, functionele en subjectieve resultaten 4. 
De recidiefluxaties in laatstgenoemde onderzoeken lagen wel hoger dan in andere 
onderzoeken waar operatieve methoden werden beschreven, wat door de auteurs 
gedeeltelijk wordt toegeschreven aan de meer intensieve follow-up. 
In onze optiek is een primaire patella luxatie geen reden om primair operatief te 
stabiliseren. Bij persisterende instabiliteitklachten of recidiefluxaties dient nagegaan 
te worden welke anatomische predispositie de instabiliteit veroorzaakt. Operatief 
ingrijpen dient vervolgens gericht te zijn op het herstellen van deze anatomische 
predispositie. Bij trochleadysplasie hogen wij de laterale femurcondyle op door 
middel van een wig osteotomie (Figuur 11), bij patella alta doen wij een tuberositas 
distalisatie, bij tuberositas lateralisatie een tuberositas medialisatie 33. Bij afwezig-
heid van bovengenoemde predisponerende factoren en toch blijvende instabiliteit 
kan herstel van het MPFL verricht worden. Voor elk van de genoemde ingrepen zijn 
in de literatuur verschillende procedures beschreven. Gezien het grote aantal voert 
het te ver om deze hier allemaal te beschrijven, wij laten het dan ook aan de kennis 
en ervaring van de operateur over welke procedure te gebruiken.
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Figure 6
Schematisch weergave van het effect van 
een ruptuur van het MPFL op de patella en 
de situatie na MPFL herstel
Figure 11
Wig-osteotomie als behandeling van 
trochleadysplasie. Door middel van een 
osteotomie wordt de laterale femurcondyle 
teruggebracht naar een normale hoogte  
en de benige laterale beperking hersteld
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Complicaties
Tijdens de luxatie wordt de patella met grote kracht over de laterale femurcondyle 
bewogen. Hierdoor ontstaat schade aan het kraakbeen en bot van zowel patella als 
laterale femurcondyle. Het percentage operatief bevestigde laesies loopt uiteen van 
68 tot 95% 11,21,34,35. Het percentage osteochondrale fracturen ligt tussen de 39% en 
72% 3,11,34. De meest aangedane locatie is de inferieure helft van mediale facet van 
de patella (Figuur 4) 34,35.
In 94-100% van de traumatische patellaluxaties is het MPFL aangedaan 8,21. Van de 
MPFL letsels is ongeveer 50% een partiële en 50% een complete ruptuur (Figuur 5) 
12,13. In 40% van de gevallen betreft dit een avulsieruptuur van het MPFL aan het 
adductoren tuberculum, de overige gevallen zijn weliswaar midsubstantieel maar 
bevinden zich over het algemeen nabij de origo van het MPFL 34. Bij arthroscopische 
inspectie zijn letsels van het MPFL niet goed zichtbaar omdat deze zich buiten het 
gewrichtskapsel bevindt.
De belangrijkste complicatie van patellaluxaties is de recidiefluxatie. Fithian et al 
kwamen tot de conclusie dat bij patiënten met een primaire luxatie er bij 17% een 
recidiefluxatie optreedt. Bij patiënten met meerdere luxaties in de voorgeschiedenis 
is de kans op volgende luxaties zelfs 49%, onafhankelijk van de behandeling 2.
Recidiefluxatie kans voor conservatief behandelde primaire patellaluxaties ligt 
tussen de 20% en 49% 4,22,23,28,36,37. Voor operatief behandelde luxaties ligt de recidief 
luxatiekans tussen de 0% en 31% 4,23,28. Gezien de grote verscheidenheid aan 
operatietechnieken en veelal kleine series patiënten is interpretatie van deze 
getallen lastig. Het percentage recidiefluxaties bij jonge kinderen (<14jr) is 
beduidend hoger en neemt af met de leeftijd 23.
Gezien de aard van het letsel en de anatomische locatie is begeleidend vaat- en 
zenuwletsel niet te verwachten.
Een late complicatie is artrose als gevolg van patellaluxaties. Door de veelal korte 
follow-up van minder dan tien jaar is hier weinig over bekend. Mäenpää et al vonden 
bij een follow-up van 13 jaar van conservatief behandelde patiënten voor patella-
luxaties artrose in 14% van de patiënten zonder recidiefluxaties en in 29% van de 
patiënten met recidiefluxaties. Bij patiënten met recidiefluxaties was er geen duide-
lijk verschil in artrose na conservatieve of operatieve behandeling 37.
Samenvatting
Een patellaluxatie is een aandoening met een hoog recidiefpercentage. Deels wordt 
dit veroorzaakt door congenitale afwijkingen aan het patellofemorale gewricht die 
een patellaluxatie doen vergemakkelijken. 
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Figure 4
Grote osteochondrale laesie op de  
mediale facet van de patella na een  
traumatische patellaluxatie bij een  
17 jarige jongen
Figure 5
Ruptuur van het MPFL, vaak is er naast 
een laesie van het MPFL ook een  
gedeelte van de VMO afgescheurd van  
de adductor magnus pees
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Primaire traumatische patellaluxaties kunnen conservatief behandeld worden. 
Waarschijnlijk is immobilisatie voor enkele weken de meest aangewezen 
behandeling. Operatief ingrijpen is geïndiceerd wanneer er sprake is van 
osteochondraal fracturen die refixatie behoeven. Bij recidiverende instabiliteit dient 
men operatief de anatomische afwijking die de instabiliteit veroorzaakt te corrigeren 
om tot een bevredigend resultaat te komen.
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Section B
Minimal rotation aberrations 
cause radiographic misdiagnosis 
of trochlear dysplasia
Chapter 4
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Abstract
Radiologic criteria are commonly used to diagnose femoral trochlear dysplasia 
causing objective and potential patellar instability. A dysplastic trochlea can be 
identified on conventional radiographs when the line of the trochlear groove crosses 
the anterior border of one or both condyles. The aim of this study was to establish 
the influence of rotation on the precision of these radiographic criteria as classified 
on a true lateral conventional radiograph. In a radiological in vitro study using two 
different distal femurs we found that rotation deviations of the distal femur can 
simulate femoral trochlear dysplasia in a normal knee. In case of trochlear dysplasia, 
rotational deviations can simulate a normal trochlear shape with crossing of the 
trochlear groove with the anterior border of the femoral condyle. Even a rotation 
deviation of five degrees can cause a false positive or false negative diagnosis. We 
recommend the use of fluoroscopy to obtain a true lateral view (with both condyles 
overlapping on the posterior side) in order to correctly classify trochlea dysplasia 
and would strongly urge that no surgery should be performed on the basis of 
rotated conventional radiographs.
Introduction
Patellofemoral disorders are a commonly encountered in a routine orthopaedic 
practice and an accurate diagnosis is necessary for a good treatment result. 
According to Dejour patellofemoral disorders can be categorized in four categories: 
objective patellar instability (OPI) with recurrent patellar luxations, potential patellar 
instability with anatomic abnormalities, patellofemoral pain syndromes without 
patellofemoral anatomical abnormalities and patellofemoral arthritis 3,4. Conventional 
radiologic (CR), computed tomography (CT) and magnetic resonance imaging 
(MRI) scanning methods are currently used to study the patellofemoral articulation 
1,2,3,4,5,6,7,8,9,13. Lateral CR with the knee in 30 degrees of flexion are generally used to 
diagnose trochlea dysplasia. According to Dejour trochlear dysplasia is defined by 
one qualitative (the crossing sign) and two quantitative features (trochlear bump, 
trochlear depth) of the femoral trochlea. A crossing sign can be identified when the 
4
Figure 1
Shapes of trochlea in lateral view according to Dejour. Note that the posterior part of the 
femoral condyles is not drawn, thereby not graphically addressing the importance of a 
true lateral CR with the posterior part of the condyles strictly superimposed. 
Type a non-dysplastic trochlea: type A, the line of the trochlear groove never crosses 
the anterior border of the femoral condyles; type B, the line of the trochlear groove 
crosses only the anterior border of the medial condyle. b dysplastic trochlea identified 
when the line of the trochlear groove crosses the anterior border of both condyles. 
Type I: the crossing is symmetric at the upper area of the trochlea. Type II: the crossing 
is asymmetric, first with the medial condyle, secondly above with the lateral condyle. 
Type III: the crossing occurs at the lower area of both condyles.  c intermediate 
trochleas: type A1, the trochlear groove ends near the anterior border of the condyles 
but without crossing; Type B2, the trochlear groove crosses the anterior border of the 
medial condyle, but does not cross the lateral condyle. (From Remy et al: Reliability of 
radiographic morphology of the dysplastic femoral trochlea, Surg Radiol Anat (1998) 20: 
285-9, with permission from the publisher.)
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line of the trochlear groove crosses the anterior border of one or both condyles 
(fig 1). Adjustments to the original classification have been proposed. The patello-
femoral study group uses a classification in four grades. This classification 
integrates the finding on a true lateral radiograph and the findings on a CT scan 11.
The crossing sign is the pathognomic factor of trochlear dysplasia 10. The crossing 
sign is a highly sensitive test 9. 
Routine CR is likely to be the primary investigative tool used in the out patient clinic 
and most lateral CR are not taken truly lateral. In a true lateral CR the posterior 
borders of the two condyles are superimposed. We hypothesised that even a 
minimal rotation aberration could cause a false positive or false negative outcome. 
There are no published data on the influence of rotation on the crossing sign on a 
lateral conventional knee radiograph. Therefore, we performed a study to determine 
the amount of rotation acceptable without over- or under diagnosing trochlear 
dysplasia. 
Methods
Two cadaver knees, one left and one right knee from different individuals were 
dissected and the patella and soft tissue were removed. Cadaver knee models were 
used to study the effect of rotation on the crossing sign since such model permits 
accurate analysis of minimal rotation aberrations. The contour of the posterior side 
of the lateral femoral condyle was marked with a lead thread. A true lateral view of 
the knees was obtained by strictly superimposing the posterior borders of both 
femoral condyles. With the knee in a fixed position, the roentgen tube was rotated 
around the knee up to 15 degrees external rotation and 15 degrees internal rotation, 
in 5 degree steps. The distance from the tube to the knee was 90 centimetres, the 
standard distance used in routine examinations. Three sessions were conducted: 
one with a normal knee, one with a simulated trochlear dysplasia caused by 
heightening of the trochlea and one with a trochlea dysplasia caused by a simulated 
anterior femoral lateral condyle hypoplasia. To simulate a trochlear bump the 
femoral trochlea was padded with clay and marked with a lead marker. To simulate 
a relative hypoplasia of the lateral femoral condyle a lead marking was placed 
inferior and parallel to the anterosuperior edge of the lateral femoral condyle 
(figure 2). All examinations were performed by the same radiographer to guaranty 
consistency. 
The crossing sign was used to identify trochlea dysplasia. We defined a dysplastic 
femoral trochlea when the anterior border of one of the condyles crosses with the 
trochlear groove (fig 3). The dysplasia of the trochlear groove or the lateral femoral 
condyle is more severe when the crossing is at the lower area of the anterior portion 
of one of the condyles (fig 3).
4
Figure 2
Placing of the lead markers on the 
cadaveric knee. The trochlea lead marker 
is placed to simulate a dysplasia caused 
by heightening of the trochlea; the lateral 
marker is placed approximately 5 mm 
from the anterior border of the lateral 
condyle to simulate an anterior lateral 
femoral condyle hypoplasia. Distally and 
posterior the treat is placed more towards 
the natural curvature of the femoral condyle
Figure 3
Trochlea dysplasia. I. Normal, no crossing of 
the trochlear groove with one of the femoral 
condyles. II. Crossing of the trochlear 
groove with the medial and lateral femoral 
condyle at the anterior border of the  
femoral condyle. III. Crossing with the only 
the lateral femoral condyle (rare)
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Results
The effect of rotation on the Dejour type is listed in table 1. The true lateral 
radiographs of both cadaveric knees do not show a crossing sign, confirming that 
these knees have a normal trochlear groove and normal femoral condyles. Ten and 
fifteen degrees of external rotation in these normal knees cause a crossing of the 
trochlea with the anterior aspect of the lateral femoral condyle at the upper area of 
the trochlea and this represents a knee with a clinically important hypoplasia of the 
anterior trochlear wall, leading to objective and potential patellar instability. Fifteen 
degrees of internal rotation causes a crossing of the trochlear groove with the 
anterior aspect of the medial condyle (fig 4). So, rotation can lead to a false positive 
crossing sign in a normal knee. 
The radiographs of the preparation in which a trochlea dysplasia caused by an 
anterior lateral femoral condyle hypoplasia is simulated show a different effect with 
rotation. A true lateral view shows a trochlea with crossing of the lateral femoral 
condyle with the trochlear groove in the upper area of the lateral femoral condyle, 
but a 10 degrees externally rotated view shows a dysplastic trochlea with crossing 
at the lower part of the femoral condyle. External rotation causes a crossing of the 
lateral femoral condyle with the trochlear groove at the lower part of the femoral 
condyle. Internal rotation changes the trochlea shape because the trochlea groove 
crosses with both the anterior aspect of the lateral and of the medial femoral 
condyle.
4
Table 1  
Effect of rotation on the normal and dysplastic trochlea en resultaten
Normal B2 B A A A reversed  B2 reversed B2
Dysplasia caused  A1 A1 A1 reversed B2 reversed B2 reversed B2 reversed B2
by lateral condyle 
hypoplasia 
Dysplasia caused B2 B2 B2 I reversed B2 reversed B2 reversed B2 
by heightening of 
the trochlea  
In the normal knee the trochlear groove crosses with the anterior border of the femoral 
condyle due to rotation. In internal rotation the trochlear groove seems to cross with 
the medial condyle producing a type B knee. In 10 and 15 degrees of external rotation 
the trochlear groove crosses with the anterior border of the lateral condyle, but not with 
the medial condyle. This type of dysplasia with isolated hypoplasia of the lateral wall is 
not described by Dejour, but can lead to patellar instability, since the slope of the lateral 
facet of the trochlea resists lateral patellar movement (Biedert, 2004). We named this 
type of dysplasia the reversed type AI and B2. The knee with lateral condyle hypoplasia 
changes to a type A1 normal knee without crossing of the lateral anterior femoral condyle 
with the trochlear groove when the knee is internally rotated because the anterior border 
of the lateral femoral condyle projects more anteriorly. The knee with heightening of the 
trochlear bottom also changes to a knee without crossing of the anterior lateral femoral 
condyl with the trochlear groove in endorotation because the anterior part of the lateral 
femoral condyle projects more anteriorly and does not cross with the trochlear groove, 
in this case however, the anterior part of the medial femoral condyle does cross with the 
trochlear bottom. 
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Figure 4
Normal knee. The figure clearly shows 
the changes due to rotation. The figure in 
the middle shows a true lateral projection, 
with the posterior condyles overlapping, 
and the tibiofibular joint partly visible. 
Obviously, no crossing sign is visible. 
On the left a knee in 15 degrees external 
rotation is depicted, the condyles do not 
overlap at the posterior side.   
At the anterior side, the femoral condyle 
crosses with the trochlea and shows a  
AI intermediate type dysplasia.  
The projection of the medial condyle 
changes more than the projection of the 
lateral condyle. That effect increase with 
an increase in external rotation. 
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The radiographs of the preparation in which a trochlea dysplasia is simulated by 
elevation of the trochlear bottom show yet another effect of rotational deviation. 
A crossing sign is visible on the true lateral view, but a intermediate type trochlea 
without crossing of the lateral femoral condyle with the trochlear groove is visible in 
five, ten and fifteen degrees internal rotational. This leads to a false negative 
crossing sign. 
Discussion
This study indicates that a radiograph in 5 degrees rotation can demonstrate a false 
positive or false negative crossing sign. In a normal knee a slight exorotation can 
cause a false positive crossing sign of the lateral condyle with the trochlear bottom, 
whereas a slight endorotation can cause a false negative diagnosis with absence 
of a crossing of the lateral condyle with the trochlear bottom in knees with a shallow 
trochlea. Although the results we established seem logical, because of the 
increasement of the lateral wall of the femoral condyle in internal rotation of the 
femur, in daily practise one can easily mistake a patellofemoral dysplasia if a true 
lateral radiograph is not made or if a slightly rotated radiograph is accepted. 
Subsequently, this might result in operating a patient with patellofemoral instability 
arising from other causes like malalignment of the extensor mechanism or, in 
contrast, in missing a surgically correctable dysplasia. It is almost impossible to 
make a true lateral radiograph without using fluoroscopy. Therefore, we recommend 
the use of fluoroscopy to identify trochlea dysplasia. 
Usually CR is the primary investigative tool available. Nowadays CR are frequently 
supplemented by additional imaging such as CT and MRI scans. These are not only 
costly and time consuming, but also difficult to interpret reproducibly 5. CT scans to 
assess the trochlear depth are not necessary to identify trochlea dysplasia 12.  CT 
scans can be helpful in classifying trochlea dysplasia according to the classification 
used by the international patellofemoral workgroup. CT scans are not appropriate 
for identifying trochlea dysplasia because the slices of routine CT scanning 
methods are usually 3 or 5 mm, implicating that missing the most important part of 
the trochlea is possible. Therefore we do not recommend these scanning methods 
to diagnose trochlea dysplasia. Additional scans might be needed in individual 
cases to provide more insight in the casual aetiology of objective and potential 
patellar instability, especially if tuberositas lateralisation or specific pathology of 
ligaments (i.e. patellofemoral ligament) or cartilage (i.e. (osteo) chondral fracture) 
are suspected.  
In a true lateral CR the posterior side of the condyles are, by definition, strictly 
superimposed. If a rotational deviation is suspected, one can identify whether the 
leg is internally or externally rotated by verifying which of the condyles projects 
4
Table 2  
Effect of rotation on the normal and dysplastic trochlea on the crossing sign
Normal Medial Normal Normal Normal Normal Lateral Lateral
Dysplasia caused  Both Both Both Lateral Lateral Lateral Lateral
by lateral condyle 
hypoplasia 
Dysplasia caused  Medial Medial Medial Both Lateral Lateral Lateral
by heightening 
of the trochlea  
In the normal knee the trochlear groove crosses with the anterior border of the femoral 
condyle due to rotation. In internal rotation the trochlear groove seems to cross with the 
medial condyle, in external rotation the trochlear groove seems to cross with the lateral 
condyle, producing a false positive crossing sign of the trochlear bottom with the anterior 
femoral wall of the lateral condyle. When a lateral femoral condyle hypoplasia is present, 
the crossing sign disappears when the knee is internally rotated because the anterior 
border of the lateral femoral condyle projects more anteriorly and does not cross with the 
trochlear groove on a true lateral CR. The knee with heightening of the trochlear bottom 
also changes to a knee without crossing of the anterior lateral femoral condyl with the 
trochlear groove in internal rotation endorotation because the anterior part of the lateral 
femoral condyle projects more anteriorly and does not cross with the trochlear groove, 
in this case however, the anterior part of the medial femoral condyle does cross with the 
trochlear bottom producing a crossing sign on the true lateral CR.
R
ot
at
io
n 
15
  i
nt
er
na
l 
10
  i
nt
er
na
l 
5 
in
te
rn
al
 
0 
 
5 
ex
te
rn
al
 
10
 e
xt
er
na
l 
15
 e
xt
er
na
l
66 67
more posterior. In external rotation, the anterior part of the lateral femoral condyle 
projects more posterior, in internal rotation the anterior part of the medial condyle 
projects more posterior. The medial condyle can be recognised because it is 
slightly bigger than the lateral condyle, and because it is strictly convex, whereas 
the inferior part of the lateral condyle is less convex. The lateral condyle of most 
knees shows an indentation located at the border of the patellofemoral articulation 
and tibiofemoral articulation. Furthermore, both condyles can be differentiated by 
the convex impression of the lateral femoral condyle on the lateral tibia plateau. 
There are other radiological features by which to distinguish between the lateral and 
medial condyle. The tibiofibular articulation can therefore be used to verify if the 
radiograph is taken strictly lateral. In external rotation the whole tibiofibular articular 
surface is visible, whereas in internal rotation the articulating surface of the 
tibiofibular articulation is not visible. If a radiograph is taken strictly lateral, 
approximately ¾ of the tibiofibular articulation is visible (figure 4).
We believe that the key to successful treatment of patellofemoral instability is to 
distinct anatomical deficiencies of the trochlea from other causes of instability. 
A true lateral CR is highly specific in diagnosing trochlea dysplasia. We did not 
suspect that such minimal rotation aberrations of 5 degrees would cause false 
positive or false negative outcomes. Other radiologic modalities might be needed 
to diagnose other causes of instability. 
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Abstract
Patellar malalignment leading to objective or potential patella instability can be 
caused by tibial tuberosity lateralisation. This can be treated with a tuberosity 
medialisation. CT scan measurements are needed to asses the trochlear groove 
anterior tibial tuberosity distance. When using the previously described methods to 
determine this distance it be difficult to identify the anatomical structures on the 
maximum intensity projection images, and this can lead to measurement error. 
This study was designed to compare the reliability of a new computer based CT 
measurement to the previously described method to determine the tibial groove 
trochlear groove distance. For each method four observers measured each of 50 
knees twice. The inter and intraobserver variability for the conventional and a new 
method were determined. Using the conventional method, the number of knees for 
which the aggregate mean of all eight measurements and the mean duplicate 
measurements per observer was greater than 2 mm varied between 7 and 24 for the 
50 knees, while this variation was between four and seven for the same 50 knees 
with the new method. The limits of agreement based on measurements from the 
four different observers improved 25%, indicating that the measurement error is 
considerably smaller using the new method. We advise the use of this method to 
improve the selection of patients for tuberosity medialisation.
Introduction
Lateralisation of the tuberositas tibia can cause lateral tracking patella leading to 
potential patellar instability and patellar pain or to objective patellar instability 1,2. 
Surgery should be aimed at correcting the anatomical deficiency (i.e. patella alta, 
trochlea dysplasia, medial retinalular insufficiencies, muscular imbalance, or an 
increased anterior tuberosity tibiae (TT) trochlear groove (TG) distance). The key to 
successful treatment of lateral tracking patellae and objective patellar instability is 
to identify the anatomical deficiency. If tuberosity transfer is preformed for 
ill-defined patellofemoral pain without anatomical abnormality this will lead to 
iatrogenic damage 2.
Imaging is needed to confirm the diagnosis of malalignment and for accurate 
planning of the operative medialisation. Conventional radiography is often the first 
image modality preformed. It is accurate for evaluating numerous patellofemoral 
disorders but not suitable for determining distal patellofemoral malalignment 3. 
Computed tomography (CT) of the patellofemoral joint is an excellent technique for 
evaluating distal patellofemoral malalignment, and the distance between the middle 
of the tibial tuberosity and the bottom of the trochlear groove of the femur is a 
recognised measurement for expressing lateralisation of the tuberositas tibiae 4-6. 
The tibial tuberosity trochlear groove distance can also be assessed on MRI using 
either cartilage or bony landmarks. When using bony landmarks an excellent 
intermethod (86%) reliability between CT and MRI is found 7. 
If an increased tibial tubersosity trochlear groove distance is detected a distal 
realignment procedure to correct the anatomical deficiency can be accurately 
planned based upon the quantitative CT tibial tubersosity trochlear groove 
measurement. However, in our clinical practice we experienced some difficulty with 
the interpretation of the CT scans. Identification of the anatomical structures on the 
superimposed maximum intensity projection (MIP) can be difficult. This leads to a 
lower intra- and interobserver reliability. Previously, Saudan reported on this 
problem 8. A reliable, CT based method to determine malalignment is needed to 
identify those patients that may benefit from surgical intervention. The aim of this 
study was to compare the reliability of two methods based on transverse CT images 
to measure the tibial tubersosity trochlear groove distance.
5
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Methods
A cohort of twenty-five patients (50 knees) who where suspected of having either a 
lateral tracking patella or objective patellar instability were included in this study. 
All patients were suspected of having an increased tibial tuberosity trochlear groove 
distance. Thus the cohort reflected our clinical population. Some did indeed have 
an increased tibial tubersosity trochlear groove distance while others had a normal 
tibial tubersosity trochlear groove distance.
Observers
For each knee, four observers with varying medical experience conducted both 
tibial tubersosity trochlear groove measurements: one medical student, one 
resident, one orthopaedic surgeon, and one radiologist (FW, SK, WHo, WHu). Each 
observer performed both measurements twice. There was a minimal interval of two 
weeks between the measurements and a two-week interval between the two 
methods. None of the observers were involved in the treatment of the patients or 
had any knowledge of the clinical data. 
Measurements: double image technique vs new single image technique
Before conducting the measurements the examiners received specific instructions 
for each measurement protocol. The first method used was described by Dejour 1. 
The measurements were performed on superimposed reformatted maximum 
intensity projection (MIP) images. Figure 1 describes the protocol for this conven-
tional “double image technique”. In this technique, the tibial tuberosity trochlear 
5
Figure 1 
Measuring protocol for the double image technique using MIP images
All measurements were computer generated. The posterior condyle line (A-B) is drawn 
first. This line is needed to correct for the influence of rotation. A line from the bottom of 
the trochlear groove (C) is subtended perpendicular to the posterior condyle line (C-D). 
The tibial tuberosity trochlear groove distance is the distance to the middle of the TT, 
this is point E. This is not always the most anterior point. The tibial tuberosity trochelar 
groove  distance is measured in millimetres from C-E. C-E is parallel to the posterior 
condyle line (C-D). The lateralisation can also be defined as the angle between C-D-E, 
this angle is dependent on the anterior posterior width of the femur (C-D). We therefore 
think that it make more sense to express the tibial tuberosity trochlear groove distance 
in millimetres. Although determining the tibial tuberosity trochlear groove (C-E) dis-
tance can be fairly straight forward as is shown on figure 1A, on some MIP images the 
anatomical structures can be harder to detect as is shown in figure 1B (patient number 
14). This can lead to unreliable measurements.
A B
Figure 2 
New single image technique measuring protocol
First the posterior condyle line (A-B) is drawn. Perpendicular to this line a line from the 
bottom of the trochlear groove to the posterior condyle line is drawn (C-D) at the level 
of the roman arch. These lines are copied to the images depicting the tibial tuberosity. 
A line from the middle of the tibial tuberosity (E) to the bottom of the trochlear groove is 
drawn parallel to the posterior condyl line. The distance C-E is measured in millimetres. 
The posterior condyles, the bottom of the trochlear groove and the middle of the tibial 
tuberosity are easer to identify using this method because there is no over projection. 
We believe that this explains the higher ICC and limit of agreement.
A B
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groove distance is measured on a reconstructed image. The trochlear groove 
image is projected upon the tibial tuberosity. First a line connecting the posterior 
side of the femoral condyles in drawn (line AB), then a perpendicular line to the 
trochlear groove is drawn (line CD). 
Finally the tibial tuberosity trochlear groove distance is measured (line CE). 
All knees were then evaluated using a new computer based method on the single, 
transverse images. Figure 2 describes the new measuring protocol for the single 
image technique. In this technique the trochlear groove image is not projected on 
the tibial tuberosity image, but instead the lines AB and CD are first drawn on the 
trochlear groove image and then copied on the tibial tuberosity image using the 
readily available Impax software. These lines are then used to measure the tibial 
tuberosity trochlear groove distance. No specific adjustments to the software are 
necessary. (Impax for Radiology, Agfa-Gevaert, Agfa HealthCare, Mortsel, Belgium).  
CT scanning technique
All CT examinations were preformed with Toshiba Asteion single slice equipment 
(Toshiba Medical Systems Corporation, Tokyo, Japan). The following technical 
specifications were used to produce the CT scans: 100 mAs, 120 kV, 1 second 
rotation time, 3 mm slice at bone window setting. Examinations were performed in 
a supine position with the knee in extension. In this position the effect of quadriceps 
contraction is minimal 3. In flexion the patellar retinaculum becomes tighter and 
smaller abnormalities in patellar malalignment can be overlooked 9. Scans started 
above the trochlear groove and ended below the tibial tuberosity. 
Data analysis 
To determine the inter and intra observer reliability, the intraclass correlation 
coefficient (ICC) and its 95% confidence interval were calculated. The ICC is a 
qualitative measure of rater reproducibility and estimates the average correlation 
among all pairs of data. Per technique, the intra-observer variability for each 
observer was calculated. An ICC of greater than 0.8 is considered excellent. Inter-
observer variability per technique was calculated based on eight measurements 
made by the four observers. 
To determine the limits of agreement the Bland and Altman method was used (2.77 
* root of the mean within-subject variation) 10. The limits of reliability quantify the 
reliability of the measurement techniques as it determines the measurements error 
from all sources (measuring technique and the inter and intra variability from the 
observers). It gives the 95% confidence interval for the measurement. The actual 
value also indicates how great a difference between two measurement must be 
before one can speak of a real difference that is greater than the measurement 
error.  
Finally, per knee the aggregate mean of the eight measurement was calculated. 
The aggregate mean is the mean for all values for all measurement combined. 
Per knee the difference between the mean of the duplicate measurements per 
observer and the aggregate mean was determined: the “difference from the mean”. 
If there is no measurement error, the difference from the mean is zero; the range 
of the difference from the mean is also an indication of the variability due to 
measurement error.
Results
Interclass correlation
None of the 50 CT scans was rejected because of inadequate quality. Table 1 
shows that the ICC for the double image technique is 0.970. The ICC for the new 
single image technique is 0.980. Both methods show extremely little variation in the 
5
Table 1  
The ICC obtained from the 2 measurements for each of the 4 individual 
observers for the 50 knees
ICC Double image  technique New single image technique 
Minimal for individual  0.913 (CI95 0.845 to CI95 0.951) 0.972 (CI95 0.919 to CI95 0.987)
observer 
Mean 0.970 (CI95 0.956 to CI95 0.981) 0.980 (CI95 0.970 to CI95 0.987)
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inter and intraobserver variability. Furthermore there is no difference in variability 
between the four observers as the CI95 between the lowest and highest individual 
observer ICC fall within the CI95 from the mean for all four observers. 
Difference from the mean
However when the limits of reproducibility per technique and the difference from the 
mean for each knee per individual observer are considered, the reliability between 
the two techniques is not the same. The average difference from the mean between 
the two duplicate measurement for the 50 knees is shown in table 2. The absolute 
mean difference to the mean for the double image technique varies between 0.4 
and 0.7 among the observers. For the new single image technique, the absolute 
mean difference to the mean varies less, between 0.1 to 0.3. Furthermore, the lower 
standard deviations for the single image technique also reflects the improved 
homogeneity of the values obtained using this technique. In table 3 one sees the 
reduction in variability per observer. The number of knees for which the difference 
from the mean was greater than 2 mm varied among the observers between 7 and 
24 using the double image technique, whereas for the new single image technique, 
this was found only for only 4 to 7 knees. Thus there was less variation between the 
observers with the single image technique. This difference in distribution is 
statistically significant (Frieman and Kendall’s W for nonparametric, related 
samples, p=0.046).
Limits of reproducibility
The limits of reliability quantify the reliability of the measurement techniques as it 
determines the measurements error from all sources (measuring technique and the 
inter and intra variability from the observers). Using the double image technique the 
limits of agreement calculated on the basis of the two measurements for each 
individual observer varied between 3.0 and 5.0 mm. Those calculated for the 8 
measurements conducted by the four different observers were 6.0 mm.  Thus if two 
radiographs are compared by the same observer, any difference greater than 5.0 
mm is a real difference; the difference must be greater than 6.0 mm to be classified 
as a real difference between if two different observers made the measurements. 
Thus the actual value of the tibial tuberosity trochlear groove distance could be up 
to 6.0 mm lower or 6.0 mm greater than the value measured, and the difference 
between the two measurement made by the different observers must be greater 
than 6.0 mm to be classified as being a real difference.
Using our new single image technique, the limits of agreement calculated on the 
basis of the two measurements for each individual observer varied between 2.0 mm 
and 3.0 mm. Those calculated for the 8 measurements were 4.5 mm. Thus with this 
method, if two radiographs are compared by the same observer, any difference 
greater than 3.0 mm is a real difference; the difference must be greater than 4.5 mm 
to be classified as a real difference between if two different observers made the 
measurements. With the single image technique, the measurement error has been 
5
Table 2  
The difference to the mean for the four different observers
Observer Mean double  Standard deviation Mean new single Standard deviation new
 image  technique double image image technique single image technique
 (n=50) technique (n=50) (n=50) (n=50)
SK -0.4 mm 1.4 mm -0.1 mm 1.1 mm
FW 0.6 mm 1.8 mm 0.3 mm 1.6 mm
WHo -0.7 mm 1.5 mm -0.2 mm 1.3 mm
WHu 0.4 mm 1.6 mm -0.2 mm 1.3 mm
Table 3  
Difference to mean of more than 2 mm for the double image and new single 
image technique
Observer Double image  technique (n=50) New single image technique (n=50)
SK 7 5
FW 12 7
WHo 24 7
WHu 7 4
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reduced from 6.0 to 4.5 mm, and the accuracy of the measuring the tibial tuberosity 
trochlear groove distance has been improved by 25%. This is a clinically relevant 
difference. 
Discussion
The principle findings in this study were that both the double image and new single 
image technique tibial tuberosity trochlear groove CT measurement techniques 
provide a reproducible method of determining tuberositas lateralisation, but the 
measurement error is lower for the single image technique. The ICC for the double 
image technique is 0.970; the ICC for the single image technique is 0.980. We think 
that this high ICC is due to the thorough instruction that all observers received for 
both methods. However the limits of agreement indicate that there is a difference 
between the two methods: the measuring error is smaller using the new single 
image technique, any difference greater than 4.5 mm is a real difference as 
compared to 6.0 mm for the double image technique. Also the decrease in number 
of radiographs for which a measurement difference of more than two mm from the 
mean was noted confirms the better homogeneity along the values obtained using 
the new single image technique. With this technique there was no differences 
between the medical student, the resident, the orthopaedic surgeon, and the 
radiologist. We believe that the new single image technique is easy to learn for all 
users, and requires no specific pre training. Saudan reported that the main source 
of error is determining the tibial tuberosity position 6. The new single image 
technique appears to reduce some of the ambiguity in determining the its position.
As with other parameters used in determining patellar femoral pathology, there is 
controversy as to what is to be considered normal. Dejour 1 rated a tibial tuberosity 
trochelar groove of more than 20 mm as pathologic. In his study he found the 
normal range to be 12.7 ± 3.4 mm. The outer range of normal is 12.7 plus 3.4 is 15.1 
mm. In a two recent clinical study performed in our clinic 11,12 we obtained good 
results with medial transfer of the tibial tuberosity for patients with a  tibial tuberosity 
trochelar groove  distance of more than 15 mm. We used CT  tibial tuberosity 
trochlear groove  measurement for a precise preoperative diagnosis. Based on the 
result of our previous study and the normal range determined by Dejour we consider 
a tibial tuberosity trochlear groove of more than 15 mm as pathologic. An accurate 
preoperative diagnosis determines the success of tuberosity medialisation since 
surgical treatment of supposed “distal malalignment” could result in iatrogenic 
damage to the patellofemoral joint. 
For those surgeons conducting a distal realignment procedure according to Dejour 
the described new single image technique for tibial tuberosity trochlear groove 
measurement method is an easy and reproducible method of quantifying tibial 
tuberosity lateralisation. We think that this parameter facilitates the selection of 
those patients with a tuberosity lateralisation that might benefit from surgical 
intervention. 5
80 81
References
1.  Dejour H, Walch G, Nove-Josserand L, Guier C. Factors of patellar instability:  
an anatomic radiographic study. Knee Surg Sports Traumatol Arthrosc 1994; 2:19-26.
2.  Grelsamer RP. Current concept review Patellar malalignment.  
J Bone Joint Surg 82-A 2000; 11: 1639-50.
3.  Wagenaar FCBM, Koeter S, Anderson PG, Wymenga AB. Conventional radiography  
cannot replace CT scanning in detecting tibial tubercle lateralisation.  
The Knee 2007; 14; 51-54.
4.  Biedert RM, Gruhl C. Axial computed tomography of the patellofemoral joint with and 
without quadriceps contraction. Arch Orthop Trauma Surg 1997; 116: 77-82. 
5.  Sasaki T, Yagi T. Subluxation of the patella. Investigation by computed tomography. 
Int Orthop 1986 ; 10: 115-20.
6.  Goutallier D, Bernague J, Lecudonne B. Mesure de lécart tuberosite tibiale anterieure 
gorge de la trochlea. Rev Chir Orthop 1978; 64: 423-28.
7.  Schoettle PB, Zanetti M, Seifert B, Pfirrmann CWA, Fucentese SF, Romero J.  
The tibial tuberosity trochlear groove distance : acomparative study between CT  
and MRI scanning. Knee 2006 ;13(1) :26-31.
8.  Saudan M, Fritschy D. Mesure de la TA-GT au scanner dans l’ínstabilite rotulienne: 
variabilité inter-observateurs. Rev Chir Orthop 2000; 86: 250-55.
9.  Delgado-Martinez AD, Rodriguez-Merchan EC, Ballesteros R, Luna JD. Reproducibility 
of patellofemoral CT scan measurements. Int Orthop 2000; 24 : 5-8.
10.  Bland JM, Altman DG. Statistical methods for assessing agreement between two 
methods of clinical measurement. Lancet 1986; 307-10.
11.  Diks MJF , Wymenga AB, Anderson PG. Patients with lateral tracking patella have better 
pain relief following CT-guided tuberosity transfer than patients with unstable patella. 
Knee Sports Traumatol Arthrosc 2003; 11: 384-8.
12.  Koëter S, Diks MJF, Anderson PG, Wymenga AB. Tuberosity transfer: lateral tracking 
patellae versus objective patellar instability. J Bone and Joint Surg Br. 2007; 89(2); 180-5. 
5
Conventional radiography  
cannot replace CT scanning  
in detecting tibial tubercle  
lateralisation
 Chapter 6
Frank-Christiaan B.M. Wagenaar, MD, MSc, Sander Koëter, MD
Patricia G. Anderson, MA, Ate B. Wymenga, MD, PhD
The Knee 2007 Mar; 14(2): 128-32
84 85
Abstract
Patellar  maltracking can be caused by an excessive lateral distance between the 
anterior tibial tubercle and the trochlear groove (TT-TG). This study was designed 
to compare the TT-TG in reformatted computed tomography to the TT-TG on a 
30-degree axial conventional radiograph (CR) using lead markers to visualize the 
tibial tubercle and epicondyles. Seven symptomatic knees in five patients (mean 
age 25 years, standard deviation 8.0 years) were investigated. Results showed that 
the tibial tubercle could be detected on 30-degree axial CR by a lead marker. 
Determining the TT-TG, however proved to be difficult. A good intra- and 
interobserver repeatability (ICC>0.86) but high variability for the axial CR compared 
to CT was measured (limits of agreement as quantification of measurement error 
was 18 millimetres for axial CR and 4 millimetres for CT). 
Because of the large measurement error for axial CR, the study was terminated after 
seven symptomatic knees. Positioning of the patient and markers, especially the 
tibial tubercle marker, probably are important factors leading to the large 
measurement error. Therefore, axial CR cannot replace CT to detect a pathological 
tuberosity trochlear groove distance.
Introduction
Patellofemoral complaints are frequently encountered in knee surgery clinics. 
The underlying pathology can be classified as objective patellar instability (a history 
of at least one true dislocation and at least one anatomic abnormality), potential 
patellar instability (no true dislocation, but pain and at least one anatomic 
abnormality), painfull patella syndrome (neither dislocation nor anatomic 
abnormality). Anatomic abnormalities include patella alta, trochlear dysplasia, 
medial patellofemoral ligament rupture, muscular imbalance, and an excessive 
lateral distance between the tibial tubercle and the trochlear groove (TT-TG) 1-4. 
Recently, Shakespeare and Fick 5 concluded that visual inspection of the TT-TG was 
unreliable. Another recent study, comparing CT and MRI, reported on MRI being a 
reliable alternative to detect the TT-TG 6. However, the general consensus is that 
routine conventional radiography (CR) must be supplemented by computer 
tomographical (CT) analysis to assess the TT-TG adequately 1-3, 7-11. CT analysis is 
time-consuming, not always available, and has considerably higher costs compared 
to axial CR. 
We set out to determine the relationship between the TT-TG on CT and an axial CR 
with external determination of the tibial tubercle and femoral epicondyles using lead 
markers. We devised a new technique to measure the TT-TG on axial CR based 
upon the principles of the TT-TG in reformatted CT analysis.  We hypothesised that 
standardised axial conventional radiography using lead markers would produce the 
same projection as reformatted CT and would be a reproducible and reliable 
alternative to CT.
 
Material and Methods:
Patients
Seven symptomatic knees in three male and two female patients (mean age 24.9 
years, standard deviation 8.0 years) formed the study population, with two patients 
bilaterally symptomatic. All patients complained of patellofemoral pain. The study 
was set up as a reproducibility study. 
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Imaging
The study included a CT-scan (Asteion VF (TSX-021B), Toshiba, Otawara, Japan) 
and two axial CR of the symptomatic knee conform the 30-degree axial view with 
the knee at 30-degree flexion according to Laurin s´ method 12,13. 
The axial CR method consisted of placing lead markers on the lateral and medial 
femoral epicondyles, and at the centre of the proximal tibial tubercle (Fig. 1) with 
the knee in 30-degree flexion. A radiation load of 87 kV and 40 mAs, five degrees 
of superior rotation of the tube, and slight plantarflexion of the foot was needed to 
clearly identify all markers. After the first axial CR, the lead markers were taken off 
and the procedure repeated by the same investigator. Each CR was assessed twice 
by two observers, giving four values per CR and eight values per knee. 
The distances of the cassette to the markers, and the markers to the tube were kept 
constant in all measurements. 
The TT-TG on reformatted CT-scan was measured according to the technique 
described by other authors 14, with the knee in extension 1,15. The TT-TG represents 
the distance between the intercondylar femoral sulcus and the centre of the 
proximal tibial tubercle (Fig. 2), and was assessed twice by each observer, using 
the PACS” system, resulting in four values per knee.
The TT-TG on the axial CR was determined by drawing an epicondylar line, indicated 
by the medial and lateral epicondylar markers, followed by a line perpendicular to 
the epicondylar line intersecting the deepest point of the intercondylar sulcus. Thus, 
the TT-TG on axial CR was determined (Fig. 3) analogous to CT. Data correction 
was obtained using a 30 mm calibration tool.   
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Figure 1 
Clinical setup during the study of the 30 degree axial conventional radiography.  
The lead markers are placed at the middle of the tibial tubercle, medial and lateral  
femoral epicondyles. The calibration tool is shown.   
Figure 2
Reformatted CT of knee seven, as  
measured by observer two (TT-TG =  
17 mm). 
Figure 3 
The 30-degree axial view of knee seven, as measured by observer two.  
Left, first measurement of the TT-TG with a corrected value of 7 mm (30/41* 10,5).  
Right, second measurement with a corrected value of 12 mm (30/39,4 * 15,6). 
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Statistical analysis
CT and axial CR analysis were conducted by two observers (F.W. and S.K.). During 
the analysis, F.W. and S.K. were blinded to each other. Statistics included evaluation 
of the intra- and interobserver reliability and limits of agreement. The intra- and 
interobserver reliability was determined by the interclass correlation coefficient 
(ICC) which is a widely used measure of inter-rater repeatability for the case of 
quantitative ratings and estimates the average correlation among all pairs of data 16. 
The limits of reproducibility of agreement (2.77* root of  the mean within-subject 
variation) was assessed to determine the 95% prediction limit of measurement error 17. 
The study was approved by the Institutional Review Board and all patients gave 
their informed consent prior to the study. 
Results
No patellofemoral arthrosis, patella alta, or trochlear dysplasia was noted on any of 
the axial CR or CT scans. Physical examination revealed no signs of medial 
patellofemoral ligament rupture or muscular imbalance. The measurements of the 
TT-TG on CT and axial CR are presented in Table 1, whereas Table 2 presents the 
ICC and 95% confidence intervals (CI95). 
The ICC for CT was high, varying between 0.943 and 0.980 (CI95 0.693 - 0.997). 
The ICC for axial CR was good-to-high varying between 0.862 and 0.948 (CI95 0.537 
- 0.995). Note the broader range in the CI95 for the axial CR as compared to the CT 
measurements. The limits of reproducibility was 4 mm for the CT while that was 
18 mm for the axial CR.  
Figure 2 and 3 present an example of the measurements for CT and axial CR by 
the same observer. Note the difference of 5 mm between the two axial CR, and the 
10 mm difference between CT and axial CR.  
Discussion
In the present study the repeatability (ICC) of the axial CR method was comparable 
to CT, but the variability as shown by the limits of agreement of the axial CR method 
(18 mm) was more than four times that for CT (4 mm). The limits of reproducibility 
quantify the reliability of the measurement technique as it determines the 
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Table 1  
Measurements of CR and CT analysis
Patient Conventional Radiography (CR) *    Reformatted CT **
 Observer 1   Observer 2   Observer 1 Observer 2
  CR 1A CR 1B CR 2A CR 2B CR 1A CR 1B CR 2A CR 2B A B A B
1 19  17 22 22 18  20 22 21 16 16 16 16
2 6 1 7 9 3 2 7 8 16 15 18 17
3 21 24 24 20 23 24 21 22 11 9 13 12
4 23 24 8 8 23 25 9 9 20 22 21 33
5 12 11 17 18 11 11 15 17 22 24 24 26
6 18 16 16 17 13 15 18 18 16 12 14 13
7 8 8 12 12 7 7 12 11 16 15 17 17
*  Two axial radiographs were taken (CR 1 and 2 respectively). Each CR was assessed 
twice (A and B respectively) by two observers (observer 1 and 2 respectively).
**  One reformatted CT was taken and assessed twice (A and B respectively) by two 
observers (observer 1 and 2 respectively).
Table 2  
Interclass correlation coefficients (ICC) and 95% confidence interval for  
the CR and CT analysis
       ICC  95% confidence interval
CT Inter OR observer 1 for CT   0.943  0.693-0.990
 Inter OR observer 2 for CT   0.980  0.886-0.997
 Intra OR for CT     0.976  0.924-0.995
CR Inter OR observer 1 for CR   0.862  0.537-0.995
 Inter OR observer 2 for CR   0.891  0.640-0.979
 Intra OR for CR    0.948  0.855-0.990
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measurement error for all sources (measurement technique and inter and intra 
variability from the observers). Thus, this value indicates how large a measurement 
difference must be before one can conclude that there is a real difference that is 
greater than the measurement error. In the present study, the actual value or the 
TT-TG on axial CR could be 18 mm lower or 18 mm greater than the actual value, 
and the difference between two measurements made by different observers must 
be greater than 18 mm to be classified as being a real difference. For the CT this is 
4 mm, a factor 4 smaller. Figure 3 exemplifies this high variability of the axial CR 
method, in this case a difference of 5 mm between the two axial CR. Even greater 
differences were found in other knees (Table 1). The large difference compared to 
CT can also be seen (Fig. 2 and Table 1). The relationship between the tibial 
tuberosity and the femoral epicondyles, and the relationship between the tibial 
tuberosity and the patellar groove on a 30-degree axial view could be visualised 
using lead markers, which is analogous to others 18. 
Literature reports the difficulties in the assessment and comparison of CT with axial 
radiography using conventional radiographic parameters 7,19. Nagamine et al. 18 used 
a marker for the visualisation of the tibial tubercle as possible screening method 
and concluded that a marking wire may demonstrate an abnormal lateral position 
of the tibial tubercle in patellofemoral osteoarthritis at 30 degrees of flexion. They 
determined this by two self developed, reproducible, methods using the line 
between the highest points of the medial and lateral condyle as reference axis. They 
found no significant relation between the CR and CT. We used the, clinically 
determined, epicondylar line as reference point analogous to the TT-TG in 
reformatted CT. Other factors can also account for the high variability of the axial 
CR. Positioning of the markers, particularly the tibial tubercle marker, is not always 
clinically straightforward. Secondly, the positioning of the patient probably plays an 
even greater role. Rotation of the tibia and/or hip 9 can influence the tibial marker 
position in the horizontal plane, as will unintended movements by the patient. 
Movement of the skin could also affect the position of the tibial tubercle though 
every effort was made to prevent knee movement after the markers were fixed. 
Furthermore, the tibial tubercle and/or epicondylar points could not always be 
palpated with the knee positioned in 30-degree flexion, resulting in the knee flexed 
slightly more while positioning the markers and thus potentially influencing the 
marker position. An exact 90-degree angulation of the X-ray cassette can also be 
difficult to achieve and maintain by the patient, hence influencing the projection of 
the tibial marker on the X-ray cassette. We believe that even the Merchants view 
cannot reduce these variations. 
An adequate clinical research method must have a high repeatability and i.e. a low 
variability. Axial CR can, in theory, be used to identify abnormal positioning of the 
tibial tubercle if this tubercle can be detected. While we could detect the tibial 
tubercle using a simple lead marker, in this study the variability was too high (more 
than four times that of CT) even though the repeatability, as shown by the ICC, was 
comparable to that of CT. The large measurement error makes the CR TT-TG 
method unusable to detect a TT-TG under 18 mm, which is unacceptable in clinical 
practice. Factors related to the set up probably accout for this larger measurement 
error. For that reason he study was termination after 7 knees. In conclusion, the 
axial CR method using lead markers was not reproducible due to the large 
measurement error and can there for not be used as an alternative to CT to detect 
the TT-TG in patients with patellofemoral complaints without apparent 
complications.
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Abstract
Trochlear dysplasia is a predisposing factor for recurrent patellar instability. 
We evaluated the results of an anterior lateral femoral condyle open wedge 
osteotomy for treating patellar instability. A total of 16 consecutive patients 
(19 knees) with symptoms of recurrent patellar instability and trochlear dysplasia 
identified using a true lateral radiograph of the knee underwent an anterior lateral 
femoral osteotomy. Outcomes were documented at 2 years minimum follow-up 
using the Lysholm scale, the patellofemoral score, WOMAC score and standard 
conventional radiographs. In 17 knees patients reported good improvement in 
stability (no  dislocations) and most patients had a marked improvement in pain 
and functional scores at follow up (mean follow-up 51 months).  No serious 
complications occurred. Anterior femoral osteotomy of the lateral condyle appears 
to be a satisfactory and safe method for treating patients with patellofemoral joint 
instability caused by trochlea dysplasia. In selected cases this procedure can be 
used to correct trochlea dysplasia. In our opinion, the key to a successful treatment 
of patellofemoral instability is to successfully distinct the anatomic deficiencies and 
to correct the anatomical abnormality.
Introduction
Instability of the patellofemoral articulation is often quite challenging to treat. 
Several etiologic factors may lead to objective patellar instability (OPI) and a 
precise diagnosis is needed for a good treatment result. Although many patients 
benefit from non operative treatment, which consists of an intensive physical 
therapy regime (i.e. to treat muscular dysfunction), some do not and for these 
patients a surgical procedure may be considered. Numerous operative procedures 
have been described, ranging from methods such as lateral retinacular release, 
advancement of the vastus medialis obliquus, transfer of the anterior tibial tubercule 
to a trochleaplasty. In literature there is no consensus on the indications for these 
various procedures, however it seems logical that surgical therapy should aim at 
restoring anatomical deficiencies. There are three anatomical structures that 
stabilise the patella, the Mm Quadriceps Femoris including the patellar ligament, 
the transverse retinacula including the Medial Patellofemoral Ligament (MPFL), and 
the geometry of the articular surfaces of the patellofemoral joint itself. If the OPI is 
caused by trochlea dysplasia, causing an insufficiency of the articular surface of the 
lateral femoral condyle a lateral elevation of the articular surface should be 
considered.
In a cadaver study, Amis showed that after flattening of the lateral articular surface 
of the femoral trochlea the force needed to cause 10 mm of lateral displacement 
drops by 70% 2,21, which supports to elevate the lateral articular surface when a 
trochlea dysplasia is diagnosed. Different techniques for correction a trochlea 
dysplasia have been described. Deepening the central part of the trochlea has 
been described by Drew (1908) 5, Masse (1978) 12, Verdonk (2005) 22, and Schöttle 
(2005) 20, deepening of the trochlea combined with a patella osteotomy has been 
described by Paar (1987) 16, and a lateral condyle plasty has been described by 
Albee (1915) 1 and Weiker (1997) 23. To our knowledge results of this latter procedure 
as a primary stand alone procedure for treating trochlea dysplasia have never been 
described in the literature. The purpose of this study is to describe the indications, 
the operation technique and the results of an anterior lateral femoral condyle 
osteotomy (trochleaplasty) for correcting OPI.
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Patients and methods
 
OPI was defined as recurrent dislocations or subluxations of the patella. Typically 
these patients report instability, kneecap slipping or giving way. Physical examination 
reveals signs of instability: a positive patella apprehension and increased 
mediolateral patellar mobility 8. After physical examination all patients had routine 
radiological examination including a standard AP, 30 and 90 degrees true lateral, 
and axial patella view. The radiographs were particularly evaluated according the 
criteria postulated by the Lyon school 4. 
Trochlea dysplasia is identified on a conventional true lateral radiograph 10. Trochlea 
dysplasia is associated in 98% case with OPI 4. According to Dejour one qualitative 
(crossing sign) and two quantitative features (trochlear bump, trochlear depth) can 
be measured on a true lateral radiograph. A dysplastic trochlea is identified when 
the line of the trochlear groove crosses the anterior border of one or both condyles 
(fig 1). The crossing sign must be identified on a true lateral radiograph of the knee 
with both condyles overlapping on the posterior side. Slight rotational deviations 
may cause misdiagnosis. The crossing sign is reliable and reproducible 17. 
We used three inclusion criteria. Only patients with (1) OPI due to (2) isolated 
trochlear dysplasia (as established on a true lateral radiograph) and (3) closed 
epiphysis were included in this study. The patients were treated with an anterior 
lateral femoral osteotomy only; no other procedure was done simultaneously. 
Patients with prior unsuccessful surgical procedures (such as lateral retinacular 
release, tubercle transposition etc.) were not excluded. Patients with instability due 
to patella alta, high Q angle, genu valgum, VMO dysplasia, were treated with 
different operations and were excluded from this study.  All consecutive patients 
operated between June 1995 and October 2002 returned to the clinic for detailed 
history, physical examination and radiographic evaluation by a physician not 
involved in the treatment. Minimal follow up was 2 years. Results were evaluated 
using the recently validated Dutch Womac 18, Lysholm, visual analogue scale pain 
score and patellofemoral score (table one). Radiographic evaluation consisted of 
standing AP, lateral and tangential views. Osteoarthritis was evaluated using the 
modified Kellgren scale preoperatively and at follow up 9. Although this is a 
radiologic score, the outcome was considered a primary outcome measure for 
evaluating osteoarthritis 6. 
Surgical technique
We used an operation technique which differs slightly from the technique described 
by previous authors 1,23. The patient is placed supine on the table (figure 2). 
Antibiotics are admitted preoperatively. The entire extremity and the ipsilateral iliac 
crest are prepared and draped. A tourniquet is applied and inflated. A lateral 
parapatellar incision is made and extended distally along the lateral femoral 
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Figure 1
A: left: a normal trochlea, right: a dysplastic trochlea with a “crossing sign” due to 
trochlea dysplasia (at the red arrow). Note that the posterior condyles overlap in both 
CR (at the line). B: left: a normal trochlea. Right a dysplastic trochlea with crossing of 
the anterior femoral condyle with the trochlea bottom. 
Figure 2
Surgical technique. From left to right: preoperative identification of the osseous 
landmarks. Cadaver specimens show the direction of the osteotomy and the elevation. 
Intraoperative view after fixation of the osteotomy (without the use of osteosynthesis 
material).
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condyle. In appropriate cases the initial incision must be adjusted to previous scars. 
The retinaculum is opened in the direction of the femur, just anterior to and parallel 
to the iliotibial band and extended through the synovium. The trochlea is well 
exposed, and the flat lateral condyle and the trochlea can be inspected. To visualise 
the osteotomy 2 Kirschner wires are placed in the direction of the osteotomy till they 
are visible through the cartilage (halfway between the medial and lateral femoral 
facet). With the use of a small osteotome an incomplete lateral trochlea osteotomy 
is preformed (figure 2). The curved osteotomy extends from the beginning of the 
trochlea proximally to the sulcus terminalis distally. The lateral articular surface of 
the trochlea is levered (figure 2). Fracture of the distal cartilage can occur but has 
no consequences. Usually it is possible to raise the lateral articular surface 6 to 
8 mm. The elevation of the osteotomy is secured with a wedge shaped autograft 
taken from the ipsilateral iliac crest (figure 2). Fixation of the osteotomy with 
osteosynthesis material is not necessary. The synovium is closed over the previously 
performed osteotomy. The lateral retinaculum is left open. Postoperatively patients 
were placed on a continuous passive motion device (CPM) to stimulate a full 
passive range of motion until knee flexion was a least 60º. Patients were advised 
partial weight bearing for the first six weeks, without flexion limitation. After 6 weeks 
full weight bearing was allowed. Physical therapy was only directed to restore 
normal gait. 
Results
All 16 consecutive patients (19 trochleaplasties), 12 women and 4 men returned to 
the clinic for follow-up. The mean follow up time was 51 month (range 24-110 
months). The age at operation ranged from 15 to 34 years (mean 25). In 11 knees 
previous realignment procedures had been performed without success. In 8 knees 
no previous surgery had been attempted and in 1 knee only an investagory 
arthroscopy had been performed.
The results are summarized in table two. In all patients Lysholm, WOMAC and 
patellofemoral scores improved, however the amount of improvement was 
unpredictable and not clearly related to the preoperative scores or the number of 
dislocations. Patients had pain relieve in rest in 13 of 19 procedures, pain relieve 
during activities was reported in 12 of 19 procedures. All patients had a complete 
range of motion postoperatively. Table three shows the radiologic progression of 
osteoarthritis. In two knees progressive osteoarthritis was noted; in these cases the 
deterioration was one grade. Sixteen times patients indicated that this procedure 
had improved their knee condition; three patients did not feel that surgery had 
improved their condition. Two patients mentioned a subluxation of the patella (after 
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Table 1  
Functional knee score for patellofemoral pain syndrome
Pain  Sitting with flexed knees > 30 min
None   5 No problems 5
Slight & infrequent   3 Slightly impaired 4
Constant pain   0 Difficulties 2
  Unable 0
Occurrence of pain  Squatting
No activity related pain 15 
During or after running 12 No problems 5
After > 2 km walk   9 Slightly impaired 4
After < 2 km walk   6 Difficulties 2
During normal walk   3 Unable 0
During rest   0
Feeling of patellar instability  Walking upstairs
  No problems 5
Never   5 Slightly impaired 4
Sometimes   3 Difficulties 2
Frequently   0 Unable 0
Arretations - Catching  Walking downstairs
Never   5 No problems 5
Sometimes   3 Slightly impaired 4
Frequently   0 Difficulties 2
  Unable 0
Excellent: ≥ 47  Good: 42-46  Fair: 33-41  Poor: ≤ 32
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rotation traumata) postoperatively. In both patients previous realignment procedures 
had been conducted. In the first patient a second surgical procedure was necessary, 
the tibial tuberosity which was transposed in a former procedure was repositioned 
in its original position, thereby correcting the problem. The other patient, with 
general hyperlaxity still had subluxations following this osseous procedure, she 
refused further surgery. Finally a 43 year old patient had persisting pain post-
operatively. She was treated with a patellofemoral arthroplasty with satisfactory 
result. One complication occurred: a haematoma had to be evacuated. Sixteen 
times patients indicated that they would undergo surgery again if a similar result 
would be achieved, three would not. 
Discussion
This study shows that satisfactory results can be achieved by lifting the flat lateral 
femoral articular surface. Most patients felt that their knee did not have dislocation 
or subluxations tendencies of the patella after the anterior femoral osteotomy. 
We think that the key to successful treatment of OPI is to identify the underlying 
anatomical deficiency and to correct this. Previous surgery is not a contraindication 
for an anterior femoral osteotomy to correct trochlea dysplasia, but does reduce the 
change to success due to previous biomechanical alterations influencing the 
patella tracking.
Although most patients had significant reduction in pain, the pre-existent cartilage 
damage caused by the OPI makes the magnitude of pain relieve unpredictable. 
All patients regained a full range of motion and no serious complications occurred. 
These results are in contrast to a published case series 13 of six anterior open wedge 
lateral femoral condyle osteotomies in five patients showing a high rate of 
complications, especially regaining motion after surgery. One patient in this series 
required closed manipulation and two required open lysis of adhesions. We did not 
encounter loss of range of motion. A meticulous surgical procedure in combination 
with CPM postoperatively might explain why we found a complete ROM in all 
patients. Other complications in this series included a recurrent dislocation of the 
patella (requiring medial capsular tightening) and osteoarthritis for which a 
patellectomy (one) and a total knee replacement (one) were preformed later. 
The authors considered this procedure a salvage procedure. Recently a case series 
was published in which the results of 13 sulcusplasties (in selected cases combined 
with tibial tubercle transfer) conducted for treating retropalletar pain and crepitus or 
recurrent patellar dislocations were presented 22. The authors noted five cases of 
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Table 2  
Results trochleaplasty for OPI: Lysholm, Patellofemoral and WOMAC score
 Lysholm Lysholm Patellofemoral Patellofemoral WOMAC WOMAC
 preoperative postoperative score  score score score
   preoperative postoperative preoperative postoperative
Excellent - 5 0 3  
Good 1 6 1 4  
Fair 6 2 5 6  
Poor 12 6 13 6  
Mean 51.1 (of 100) 77.6 (of 100) 25.7 (of 50) 37.0 (of 50) 28.4 (of 96) 14.1 (of 96)
T test  p=0.0002  p=0.0005  p=0.006
Table 3  
Kellgren classification for radiologic evaluation of osteoarthritis preoperative 
and at follow-up
Grade       preoperatieve  Follow-up 
          (note one patient 
          with a PF prosthesis 
          was not scored)
0 No features     16   15
1 Minute osteophyte, doubtful significance 2   1
2 Definite osteophyte, unimpaired joint space 1   1
3 Moderate diminution of joint space  0   0
4 Joint space greatly impaired with sclerosis 
 of the subchondral bone   0   0
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arthrofibrosis. Two of thirteen patients complained of persistent retropatellar pain 
and three patients presented with impingement of the fixation material. One other 
procedure was a complete failure and was treated with a total knee arthroplasty. 
In both series the indications for surgery and the procedures used were mixed, and 
therefore the results can hardly be compared to our study. The study by Schöttle et 
al 20 describes the results of 19 central trochleaplasties (deepening of the trochlear 
groove) in 16 patients. At a mean of 3 years follow-up 16 of 19 knees improved 
subjectively. The Kujala score improved from 56 to 80 points at latest follow-up. 
The authors did not report on the ROM postoperatively. Deepening of the trochlea 
might be indicated in patients with a trochlear bump of more than 5 mm., because 
a bump can not be corrected by a lateral femoral wedge osteotomy. 
Osteoarthritis remains a long term risk with and without operation 3,13,15. Elevation of 
6 mm or more in a normal, non dysplastic lateral femoral trochlear wall results in 
higher patellofemoral joint pressures in specimens, however the effect on 
mediolateral joint mobility, patella tracking and joint pressure in a dysplastic 
trochlea is unknown 11. We suspect that it is not necessary to correct a dysplastic 
lateral femoral wall more than 6 mm above the normal anatomical level of the lateral 
femoral wall. We elevated the lateral articular surface 6 to 8 millimetres in our series 
of patients. The amount of elevation was merely based on the flexibility of the wall 
towards the breakage point and not on scientific evidence. 
The incidence of a cartilage damage after a patella dislocation has been estimated 
to be as high as 8,4% 18. In our opinion early stabilisation of the patella may prevent 
further patellofemoral cartilage damage and therefore patellofemoral osteoarthritis 14. 
Our medium term results show little progression of radiologic changes. Long term 
results comparing surgical and conservative therapy are not available. 
Theoretically changing the shape of the trochlea has an effect on the congruency 
of the patellofemoral joint. We believe that this is not important- it is the slope of the 
lateral facet of the trochlea that resists lateral patellar movement, like trying to roll a 
ball up a inclined plank, where the “articulation” has no congruency yet the situation 
is stable 2. Due to the elevation of the lateral articular surface the patella will 
medialise and tilt away from the lateral femoral condyle. 
We believe that in patients with persistent OPI in combination with trochlea dysplasia 
an anterior femoral osteotomy should be taken into consideration. This procedure 
should be conducted in case of disabling patellofemoral instability caused by 
trochlea dysplasia; it should not be reserved as a salvage procedure. We conclude 
that this procedure provides good, not excellent results for correcting objective 
patellar instability due to trochlea dysplasia.
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Abstract
An abnormal lateral position of the tibial tuberosity causes distal malalignment of 
the extensor mechanism of the knee and can lead to lateral tracking patella, 
resulting in anterior knee pain, or objective patellar instability, characterised by 
recurrent dislocations. Computed tomography is used for a precise preoperative 
assessment of the tibial tubercle trochlear groove distance. A distance of more than 
15 millimetres was considered to be pathological and an indication for surgery in 
symptomatic patients. 
In a prospective study we preformed a subtle transfer of the tibial tubercle according 
to the information gained from the preoperative CT scan. This method was applied 
to two groups of patients, those with painful lateral tracking of the patella, and those 
with objective patellar instability. We evaluated the clinical results in 30 patients in 
each group. The outcome was documented at 3, 12 and 24 months follow-up using 
the Lysholm scale, the Kujala score, and a visual analogue pain score. 
Post-operatively all but one patient in the instability group who had a patellar 
dislocation requiring further surgery reported good improvement  with no further 
subluxation or dislocations. All patients in both groups had a marked improvement 
in pain and functional scores. Two patients sustained a tibial fracture six and seven 
weeks after surgery. One patient suffered a per-operative fracture of the tibial 
tubercle which required further fixation.
If carefully preformed, this type of transfer of the tibial tubercle appears to be 
satisfactory technique for treatment of patients with an increased and who present 
with symptoms related to maltracking of the patella. 
Introduction
Malalignment of the quadriceps mechanism can predispose the patient to a 
potentially unstable lateral tracking of the patella and anterior knee pain, or to 
objective patellar instability. 
We considered lateral tracking of the patella as a subset of Dejour’s potentially 
unstable group, in which an anatomical abnormality can lead to maltracking and 
potentially to instability but there is no history of patella dislocation. A patient with 
lateral tracking patella characteristically complains of pain without symptoms of 
instability. The patella is stable in extension, but CT scan shows lateral displacement 
and of the tibial tubercle. By contrast, a patient with objective patellar instability 
presents with episodes of acute subluxations or dislocations. Examination reveals 
a positive patella apprehension sign and increased mediolateral patellar mobility in 
extension. Those patients with maltracking must be distinguished from those 
patients with obscure anterior knee pain of unknown cause those patients with 
patellofemoral arthritis. The pathological tracking resulting in malalignment can be 
caused by either (1) patella alta, (2) trochlea dysplasia, (3) medial patellofemoral 
ligament insufficiency or (4) distal malalignment caused by an increased tibial 
tuberosity trochlear groove (tibial tubercle-trochlear groove distance) distance 1,2. 
Patellar tracking of the patellofemoral joint is governed by a complex interaction 
between soft tissue and bony structures. The anatomical structures that stabilise 
the patella can be divided in three groups 3. First, the active stabilisers are the 
components of the Mm Quadriceps Femoris. Loss of muscle control due to 
weakness or dysplasia can result in patellar tilt. Secondly, passive stability is 
afforded by the medial retinaculum and the medial patellofemoral ligament (MPFL). 
Laxity of the retinaculum or rupture of the ligament will compromise stability. Thirdly 
the bony anatomy and morphology of the patellofemoral joint provide static stability. 
This is influenced by trochlea dysplasia, patella alta, and an increase in the tibial 
tubercle-trochlear groove distance. 
Although many patients with patellar malalignment benefit from conservative 
treatment, including physical therapy, some do not. For these, a surgery must be 
considered. Numerous operative procedures have been described 4, including 
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lateral retinacular release, reconstruction of the vastus medialis obliquus, 
trochleaplasty and transfer of the anterior tibial tubercle. There is no consensus on 
the indications for these various procedures. The purpose of clinical and radiological 
assessment is to identify the factors causing instability so that appropriate treatment 
may be selected 5. 
We have been particularly interested in distal malalignment and the CT assessment 
of the tibial tubercle trochlear groove distance. In a previous retrospective study we 
preformed transfer of the tibial tubercle when the distance was more than 15 
millimetres 6. We reviewed the outcome in patients with lateral tracking of the patella 
or objective patellar instability as already defined. All but one patient became stable 
except one who had a 6 degree valgus deformity. Relieve of pain was good in both 
groups, but better in the patients with lateral tracking of the patella. We have now 
carried out a prospective controlled cohort study to determine of we could confirm 
these results. Our aim was to describe the indications, the operative technique and 
the results of a transfer of the tibial tubercle in patients with lateral tracking of the 
patella and objective patellar instability.
Patients and methods 
A sample size calculation based on the results of our retrospective study indicated 
that we required two groups of 30 patients in order to compare pain relief in the two 
groups. The inclusion criteria were: (1) all patients with either objective patellar 
instability or lateral tracking of the patella for more than one year and (2) a minimal 
tibial tubercle-trochlear groove distance distance of 15 mm. 
Trochlea dysplasia was not an exclusion criteria. Patients with previous lower limb 
surgery and complex co morbidity such as neurological deficit and malignancy 
were excluded. The institutional review board approved the study design. 
There were 18 patients who were eligible to participate in the study who did not do 
so and were not included. Three patients refused to give informed consent. Consent 
was given by eight patients who did not proceed to surgery for a variety of reasons. 
For seven patients the interval between inclusion and the operation was too short 
to collect informed consent or preoperative scores. One patient with pre-existent 
neurological deficit was excluded. A total of 60 patients (30 in each group) were 
included in the study.
Initial examination
Physical examination included assessment of patellar stability in extension and 
flexion, the patellar apprehension test, assessment of range of motion, and 
assessment of the position of the tuberosity relative to the trochlea 5. All patients 
had routine radiological examination including a standard anterior posterior (AP), 
true lateral 7, and 30 skyline views and CT for assessment of the tibial tubercle-
trochlear groove distance (fig. 1) Postoperatively only patellar height was reassessed. 
The radiographs were assessed according to Dejour’s criteria. 
According to Dejour, four factors are relevant in knees with patellar instability; 1) 
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Figure 1 
Measuring protocol
First the posterior condyle line (A-B) is drawn. Perpendicular to this line, a line from  
the bottom of the TG to the posterior condyle line is drawn (C-D) at the level of the  
roman arch. These lines are copied to the images depicting the TT. A line from the  
middle of the TT (E) to the bottom of the TG is drawn parallel to the posterior condyle 
line. The distance C-E is measured in millimetres. The posterior condyles, the bottom 
of the trochlear groove and the middle of the TT are easy to identify using this method 
because there is no over projection. 
A B
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trochlea dysplasia as identified by crossing of the bottom of the trochlea and the 
anterior aspect of the femoral condyles, and a trochlear bump on a conventional 
lateral radiograph (crossing sign), 2) patella alta as defined by a Caton index equal 
or greater than 1.2 on a conventional lateral radiograph, 3) quadriceps dysplasia is 
present when patellar tilt is more than 20 degrees on a CT scan in extension, 4) an 
excessive tibial tubercle trochlear groove distance is seen on a CT scan in 
extension. 
Surgical technique
We used an operation technique that differs slightly from the technique described 
by previous authors. All patients underwent CT-guided evaluation of the position of 
the tibial tuberosity. The surgical procedure started with a lateral osteotomy of the 
tibial tuberosity in the frontal plane. With a small sawblade the tuberosity was cut in 
the frontal plane. This guaranteed that there was no anterior or posterior 
displacement of the tuberosity with medialisation. We believe that anterior 
displacement of the tibial tubercle cannot reduce cartilage pressure in a predictable 
way.  The osteotomy needed to be 5 cm in length and ¾ cm thick. We advise 
avoiding a step cut because we think that a step cut acts as to increase local stress 
(Figure 2). With a rasp, the medial soft tissue was released subperiostally, to 
facilitate medialisation. The soft tissue remained intact with the tuberosity to 
maintain vascularisation. In case of patella alta, the patella was distalised to a Caton 
value of 1.0-1.2 if the extensor mechanism was sufficient and not too tight. 
The tuberosity was then temporarily fixated bicortically with a 2.5 mm drill, after 
which the knee was flexed to 90 degrees. The knee was then flexed to 90 degrees, 
so that the patella that was centred between the femoral condyles aligned the 
tuberosity in its “neutral” position due to the pull of the extensor apparatus. 
Interestingly the amount of correction calculated on the CT corresponded to amount 
of correction found with the knee in 90 degrees of flexion (Figure 3). Three small 
fragment lag screws were used to fixate the tuberositas in its new position. 
This should be done with caution to avoid possible injury to the neurovascular 
bundle. We do not tap the screws. In some knees the patella could still be lateralised 
over more than 50% of its width, in those rare cases an additional medial reefing of 
the retinaculum was performed. Continuous passive motion was allowed until the 
knee could be flexed to at least 60 degrees. Patients were treated with a removable 
walking cast for 6 weeks. Physical therapy was only directed to restore normal 
gait. 
The preoperative status and results at 3, 12 and 24 months after surgery results 
were evaluated using the Kujala, Lysholm, and visual analogue scale pain scores. 8
Figure 2
The osteotomy is made in a frontal plane to guarantee that no anterior or posterior  
translocation occurs. The osteotomy needs to be straight to avoid stress rising. 
Figure 3
The amount of medialisation and distalisation is determined by the peroperative  
translation that is caused by flexing the knee to 90∞ and the preoperative CT-based 
planning. The tuberosity (that is fixed by one bicortical screw) aligns due to the pull of 
the patella (at the pointer) that positions itself in the trochlear groove. 
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Four patients failed to appear for their 24-month evaluation and could not be traced 
by telephone or letters. 
The complications were defined according to time of occurrence, with early 
complications occurring within 90 days of surgery and late complications occurring 
after this period of time. Surgical complications were classified as minor when there 
was no compromise of outcome and little or no treatment was required; a major 
complication was defined as the final result being compromised or a re-operation 
was required 8.
Data analysis
The variables tested were age, diagnosis (objective patellar instability and lateral 
tracking of the patella), preoperative tibial tuberosity-trochlear groove values, the 
size of the trochlear bump, and the presence of dysplasia (a crossing sign of 1 or 
2) as well as the preoperative and postoperative VAS, Lysholm and Kujala scores. 
In order to include the data from the four patients who could not be traced for the 
final follow-up, imputed data (that is the mean for the diagnosis group) was inserted. 
In this way the mean of the group and its standard deviation remain unaffected. 
A Student’s T- test was performed on interval data (age, VAS, Lysholm and Kujala 
scores) and a Pearson’s Chi-Squared test on the dichotomised variables (tibial 
tubercle-trochlear groove distance, trochlear bump and dysplasia) with alpha set at 
0.05.
A logistic regression model was made to determine whether certain variables 
(i.e. diagnostic group, tibial tubercle-trochlear groove distance of 20 mm or more, 
crossing sign or the pressence of a trochlear bump of three mm or greater) 
influenced the successful outcome of the operation, with success being defined as 
at least 50% pain reduction at 24 months.
A separate analysis was performed to see whether the outcome for first and the 
second limbs differed from the rest of the group.
Results
The two groups were similar in their findings (Table 1 and Table 2). The prevalence 
of trochlea dysplasia, as expressed by the crossing sign was higher in the objective 
patellar instability group. Four patients in the objective patellar instability group had 
a trochlear bump of more than 3 mm according to Dejour’s criteria. 
The mean medialisation was 6.6 mm (range 5-12 millimetres, SD 1.8) for the whole 
group (n=60). For the lateral tracking patella group it was 6.6 millimetres (range 
5-11 millimetres, SD 1.8) and for the objective patellar instability group it was 6.6 
(range 5-12 millimetres, SD 1.9). 
Distalisation was carried out in 31 patients with a mean displacement of 5.7 
millimetres (range 4-10 millimetres, SD 1.7). In nine patients in the lateral tracking 
patella group it was 5.4 millimetres (range 3-7 millimetres, SD 1.4), in 22 in the 
objective patellar instability group it was 5.9 millimetres (range 4-10 millimetres, SD 
1.8). In five patients with an objective patellar instability group and a lateralisation 
of the patella of more than 50%, a medial soft tissue procedure was required. 
We did not perform lateral releases. 
Both groups showed similar improvement with no statistically significant differences 
in the Lysholm, Kujala, or pain scores at 12 months and at latest follow-up at 
24 months (Table 2).  There was more variability in the outcome in the objective 
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Table 1  
Demographic and radiological data at surgery
Parameter  Lateral tracking patellae (n=30) Objective patellar instability (n=30)
   Mean (SD) [range]   Mean (SD)[range] 
Age at operation in yrs 26 (5.8) [18-37]   23 (6.7) [15-41]
Caton index  1.0 (1.5) ) [0.71-1.50]  0.9 (1.6) [0.67-1.27]
Trochlear depth (mm) 5.8 (1.4) ) [3-10]    6.3 (2.4) [0-10]
Trochlear bump (mm) 1.2 (1.1) [0-3]   1.8 ( 1.5) [0-5] 
TT-TG (millimeters) 17.9 (3.4) [15-26]   17.8 (3.9) ) [15-27]
Crossing sign  21%     37%
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patellar instability group (greater standard deviations). No logistic model could be 
made since none of the variables (age, diagnosis, preoperative tibial tubercle-
trochlear groove value, trochlear bump of more than 3 millimetres, or presence of 
dysplasia) contributed significantly to the successful outcome (50% or more pain 
reduction).
There were 4 patients included for whom both limbs were operated upon. For two 
patients, one knee had more pain than the other, but the end result was almost the 
same for both knees.  One patient had better results with her second knee, although 
for both knees her results were less than the mean. 
Complications
A total of twenty-nine patients had symptoms from the screws which where therefore 
removed after consolidation of the osteotomy had been confirmed radiographically. 
One patient, in the objective patellar instability group had a patella dislocation three 
months after surgery and was successfully treated with an additional medial reefing 
procedure.
All complications occurred within 90 days. Minor complications included two 
haematomas and an infection treated with antibiotics by a general practitioner. 
Major complications included two tibia fractures sustained six and seven weeks 
after surgery following trauma. One fracture was treated by a cast immobilisation 
while the other was fixed with a plate osteosynthesis. One tibial tuberosity fractured 
peroperatively and required refixation. Finally, one patient with a neuroma received 
pain managment. 
Discussion
Our prospective study has shown that a restoration of the normal anatomic position 
of the tuberosity yields good results in patients with both objective patellar instabi-
lity group and lateral tracking patella group. Medial displacement of the tibial tuber-
cle as first described by Hauser in 1938 was later popularized by Elmsie, Trillat and 
Fulkerson. Unfortunately the procedure has been used indiscriminatingly for trea-
ting patients with patellofemoral pain without anatomical deficiencies. This may 
lead to persistent pain, medial subluxation of the patella, and in a high rate of patel-
lofemoral arthritis (in particular following the Hauser procedure) 9. 
Pre-operative imaging with a straight lateral radiograph and a CT scan is important 
to identify all the features of trochlear dysplasia1. The CT scan is mandatory since 
the indication for the operation, a pathological lateralisation of the tuberosity, can 
only be accurately diagnosed and quantified by CT scan; physical examination can 
give an impression but is never conclusive. The goal of the operation is the 
correction of the relationship between trochlear groove and tibial tuberosity. 
This surgery should be avoided in the case of an open epiphysis. The amount of 
medialisation is important. The postoperative position of the tuberosity should be 
10-12 mm lateral to the trochlear groove. This normal position of the TT has been 
defined by the Lyon school (Dejour et al). The necessary amount of medialisation 
can be calculated from the CT and is usually 5 to12 mm. Controversy remains as to 
what value should be considered to be the indication for surgery. In our study we 
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Table 2  
Preoperative and postoperative functional scores and pain
Parameter     Lateral tracking   Objective patellar
      patellae (n=30)  instability (n=30)
      Mean (SD) [range]  Mean (SD)[range] 
Preoperative Kujala    62 (13.1) [29-90]   55 (15.8) [31-80] 
Postoperative Kujala 12 months  91 (9.9) [61-100]   86 (17.2) [45-100]
Postoperative Kujala 24 months  90 (14.5) [54-100]  82 (17.1) [38-100
Preoperative Lysholm    62 (14.3) [31-86]  57 (18.9) [22-90]
Postoperative Lysholm 12 months  93 (9.9) [60-100]  87 (19.2) [36-100] 
Postoperative Lysholm 24 months  92 (12.1) [55-100]  84 (16.8) [48-100]
Preoperative pain VAS (0-100)   55 (17.7) [20-91]  54 (19.6) [4-89]
Postoperative pain VAS (0-100) 12 months 10 (13.0) ) [0-53]  16 (21.8) ) [0-68] 
Postoperative pain VAS (0-100) 24 months 14 (23.6) [0-80]  19 (25.5) [0-80]
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used a tibial tubercle-trochlear groove distance of 15 millimetres or more as a 
cut-off point and used an improved computer-based measuring method to 
determine this distance 10. 
We only performed five medial soft-tissue reefing procedures in two patients with a 
patellar tilt of more than 20 degrees (as proposed by Dejour et al.) and in those 
patients with a medial-lateral mobility of the patella after the tuberosity transfer of 
more than 50% of the patella width. Further objective indications for a medial soft 
tissue reconstruction should be developed.
Although the operation seems simple, there are a few pitfalls. Most of the major 
complications which we encountered could probably have been be avoided by an 
adequate surgical technique. The two tibia fracture could be related to the 
osteotomy. It is essential to make a straight osteotomy (Figure 2) because a step 
cut at the distal end of the osteotomy will act as a local tibia stress riser and can 
result in fracture if the patient sustains even a minimal trauma. In order to avoid 
fracture of the tibial tuberosity, the osteotomy needs to be of an adequate length 
and width. We recommend a length of 5 cm and thickness of  ¾ cm. The thickness 
can at times be hard to judge during sawing due to movement of the saw; a broad 
chisel used as a saw guide can be helpful.  
Because of difficulty in correcting the bony anatomy and morphology of the 
patellofemoral joint, investigators have focused on the medial soft tissue structures, 
predominantly the medial patellofemoral ligament. Several studies have 
demonstrated promising results with reconstruction of the medial patellofemoral 
ligament for patellar instability in patients with and without trochlea dysplasia 11,12. 
However, in patients of severe trochlea dysplasia or distal malalignment caused by 
considerable lateral placement of the tubercle, the medial patellofemorale ligament 
may be structurally unable to withstand the higher stresses imposed by the lack of 
bony restraint. Reconstruction of the medial patellofemorale ligament is only 
indicated in those cases in which it is expected that a reconstruction or repair will 
be able to withstand these stresses. In all other cases a bony procedure is 
indicated. 
Osteoarthritis remains a long-term risk in patients with objective patellar instability 
whether the patient has had an operation or not 13,14. The incidence of cartilage 
damage after patella luxation has been estimated to be as high as 8.4% 15. In our 
opinion, early stabilisation of the patella may prevent further damage, and the 
development of patellofemoral osteoarthritis. Using our operative technique, the 
amount of medialisation is limited to 5-12 millimetres. The patella recenters in the 
trochlear groove in 90 degrees of knee flexion. We believe this prevents high 
patellofemoral pressure with subsequent arthritic changes as seen with the Hauser 
procedures. It is unclear whether preoperative arthritic changes are a contra-
indication to surgery. It would be expected that the results would be less 
advantageous in the objective patellar instability group, but our findings showed 
that with regard to pain the outcome was the same for both groups. In contrat, in 
our previous retrospective study the objective patellar instability group had more 
pain 6. 
Our findings indicate that that a modified tuberosity transfer with strict attention to 
correcting both the tibial tubercle trochlear groove distance and the patellar height 
provides good results for both patients with lateral tracking of the patella and 
objective patellar instability. A longer follow up is required to evaluate the effects on 
degeneration of articular cartilage and the onset of symptomatic osteoarthritis.  
We thank Dr. M. Holla for his help in preparing the illustrations
No benefits in any form have been received or will be received from commercial 
party related directly or indirectly to subject of the article.
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Abstract
A lateral patella luxation is occasionally complicated by an (osteo)chondral fracture. 
These fractures are usually located at the inferomedial part of the patella. In this 
case report we describe an osteochondral fracture of the lateral femoral condyle 
after a dislocation of the patella. The latter is a more severe injury because it 
involves an important weight bearing part of the knee joint. Refixation of the 
osteochondral fracture should be pursued. Various surgical techniques using non 
resorbable materials have been described. We describe the advantages and 
disadvantages of refixation with biodegradable pin fixation for an osteochondral 
fracture caused by a patellaluxation
Introduction
Traumatic luxation of the patella is the most common cause of chondral and 
osteochondral fractures of the knee joint. The incidence of a chondral or 
osteochondral fracture after a patellaluxation has been estimated to be as high as 
8,4% 12. Three fracture types have been described: an inferomedial fracture, a lateral 
femoral condyle fracture and a combined “kissing” lesion 5. Chondral and 
osteochondral fractures in the weight bearing part of the knee joint (i.e. the lateral 
femoral condyle) are relatively rare and can lead to the development of arthritis and 
disabling pain 11. 
Isolated chondral fractures show no regeneration tendency due to the absence of 
vascularisation of the articular cartilage 4,8,9. Osteochondral lesions show some 
regeneration capacity due to the perforation of the subchondral plate permitting 
bone marrow contact and pluripotent stem cells migration 11. These cells induce 
repair of the articular surface with mechanically inferior fibrocartilaginious tissue 14. 
Because this cartilage is mechanically inferior it will degenerate over time and can 
cause symptomatic osteoarthritis 14. Patients presenting with a patella dislocation 
and a concomitant osteochondral fracture are often relatively young. To prevent the 
complications associated with chondral and osteochondral fractures, various 
surgical therapies have been described. If only the patellar cartilage is impaired 
surgical therapy can consist of a simple resection of the lose fragment. Osteochondral 
fractures of the lateral femoral condyle are more severe lesions. They require a more 9
Figure 1
preoperatieve photographs
Evident haemarthros of the left knee (A). Conventional radiographs (B) and MRI scan 
(C) show a large intraarticular osteochondral fragment.
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aggressive surgical approach because refixation must be pursued. There are no 
recent publications on the surgical treatment options of lateral femoral condyle 
osteochondral fractures acquired after patella luxation, despite introduction of new 
resorbable materials 5,12,14. To our knowledge this is the first report of the surgical 
fixation with PLA pins of a osteochondral fracture of the lateral femoral condyle 
acquired after a patella luxation. We will discuss the advantages and disadvantages 
of the various treatment options of this rare lesion.
Case report
An 11 year old boy presented with a haemarthos and a lateral patella luxation 
sustained while playing soccer. In the emergency room the patellaluxation was 
easily reduced with the application of a slight medial force to the patella with the 
knee in extension. Standard radiographs revealed an intra articular bony fragment. 
A Magnetic Resonance Imaging (MRI) scan was made to determine if the fragment 
was originally located in a weight bearing part of the knee (figure 1). This has 
implications for the outcome and the type of surgical treatment. It appeared that the 
fragment had created a defect of 18 by 32 mm on the lateral femoral condyle. 
The intra articular fragment consisted of cartilage and underlying subchondral bone 
permitting refixation with a resorbable Chondral Darts (Osteochondral Flap Repair 
System with Chondral Dart, Arthrex, Somas, St. Anthonis) through a lateral 
mini-arthrotomy (figure 2). At operation, the fragment was transfixed with a Kirschner 
wire and the PLA pins were inserted into predrilled channels through the reduced 
fragment. During the first 3 days the patient was treated with a Continuous Passive 
Motion (CPM) device. We advised our patient partial weight bearing for the first 
6 weeks. Conventional radiographs taken after 6 weeks showed refixation with 
alignment of the femoral condyle articular surface and a congruent articulation of 
the femoral condyle with the tibia plateau (figure 3).
Discussion
Osteochondral fractures of the femoral condyle and the patella can be surgically 
refixated if the fragment consists of enough subchondral bone. Pure chondral 
fragments must not be refixated, because they will not consolidate due to the 
absence of adequate vascularisation. Larger osteochondral fragments can be 
refixated using ASIF mini screws, Smillie pins or cortical nails 8. Using Smillie pins a 
sufficient mechanical fixation can be achieved. ASIF mini screws achieve an even 
higher mechanical stability and can be used for treating larger defects. 
A disadvantage of non resorbable osteosynthesis material is that they can not be 
removed without damaging the articular cartilage and therefore usually remain in 
situ for life. This can cause technical difficulties when in the future additional 
surgery for recurrent luxations (anterior lateral condyle osteotomy) or for symptomatic 
arthritis (knee arthroplasty) is preformed. When a resorbable material is considered 
9
Figure 2
peroperative images show the osteochondral fragment (A and B), the defect (C) and 
the fixation method used (D and E). The fragment is transfixed using a Kirschner wire. 
Through a predrilled channel the PLA darts can be inserted. Eight chondral darts were 
used to fixate the fragment. The darts are sunken till just beneath the cartilaginous 
surface. The darts can be inserted arthroscopically in case of a small fragment or else 
with a mini open procedure.
Figure 3
6 weeks postoperative taken 
radiographs show a good 
alignment of the refixated  
fragment. The refixated 
fragment is in line with the 
tibiaplateau (A and B) and the  
femoral condyle (B).
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Polydioxanon, Polylactide of Polyglycolide materials are available. Polyglycolide 
causes reactive synovitis and osteolytic changes in 6% of the operated patients 
when used intraarticular 2. Similar adverse effects have been described using 
Polydioxanon. However, good results have been achieved using Polyactide (PLA) 
materials, both in experimental animal studies as in human subjects 3,7. 
PLA materials have the highest mechanical strength value of any biodegradable pin 
fixation device. Resorbable materials will resorb in 6 to 9 months, allowing enough 
time for consolidation. The initial mechanical stability is less then when using non 
resorbable materials, but the stability is enough to permit consolidation and to allow 
partial weight bearing and a full range of motion 1. We used PLA chondral darts for 
refixation of the osteochondral fragment on the lateral femoral condyle. 
CPM should be considered postoperatively because it has a stimulating effect on 
cartilage repair 10,13. Conventional radiographs can be used to asses the reduction 
of the fragment to the femoral condyle and congruence with the tibia plateau, the 
presence of osteonecrosis and the occurrence of degenerative changes. 
Incorporation of the osteochondral fragment and restoration of the cartilaginous 
articular surface can not be assessed on conventional radiographs, but can be 
evaluated using MRI scanning methods. MRI is the radiologic tool which is best 
suited for the follow up of cartilar lesions 6. We advise a MRI scan at 3 to 4 months.
In conclusion we believe that an osteochondral fragment of the lateral femoral 
condyle, consisting of enough subchondral bone and measuring 1 cm2 or more 
must be refixated if possible.  The extend of the intra articular trauma can be 
visualised using MRI or possibly arthroscopy. The fragment can be fixated with 
resorbable and non resorbable materials. Non resorbable materials provide a 
higher mechanical stability and do not cause synovitis, however they frequently 
remain in situ for life because they are not easily removed. This might lead to 
difficulties when additional surgery is preformed. Resorbable materials also provide 
enough mechanical stability and will disintegrate after consolidation. Nowadays, 
resorbable materials can be used for refixating most osteochondral fragments and 
only very large fragments should be refixated using non resorbable materials. In this 
case report we present the successful refixation of an osteochondral fragment 
using PLA chondral darts.
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Abstract
Patellar instability is caused by femoral trochlea dysplasia in 96% of cases and can 
be successfully treated with an intra-articular osteotomy of the femoral trochlea. 
Routinely the osteotomy gap is filled with a structural autologeous bone graft taken 
from the iliac crest. The results of this procedure are good, but patients may 
encounter donor site morbidity. In this in vivo study we studied if Corraline 
Hydroxylapatite (CHA) is a suitable material to replace autologeous bone graft to fill 
a defect in the femoral trochlea of goats. 
CHA did not evoke any negative reaction in the synovium, and the-articular cartilage 
was comparable to controls. In the bone graft group we found scattered areas of 
(enchondral) formed bone. Most bone graft had been resorbed or remodelled and 
the scarce remnants were incorporated into new bone. Resorption of CHA was 
limited or absent and most CHA was surrounded by new bone. In areas with 
fragmented CHA, close to the joint surface, numerous giant cells were found. 
The study shows that in this animal model CHA inserted in a gap that directly 
communicates with the joint space incorporates into bone. This study did not show 
any negative effects of CHA in a joint environment. 
Introduction
The dysplastic trochlea is by far the most frequent abnormality found in patients 
with recurrent dislocations of the patella. It is present in 96% of all cases 3. Patients 
with trochlea dysplasia of the knee have a shallow trochlear groove, which lead to 
frequent and recurrent subluxation in most patients. With an intra-articular 
osteotomy of the trochlea the anterior aspect of the flat lateral condyle can be 
elevated 3 to maximally 10 mm to create a deeper trochlear groove. The resulting 
gap is routinely filled with a wedge shaped structural bone graft taken from the 
ipsilateral iliac crest (Figure 1) 10. 
Donor site morbidity is a well-known problem associated with the harvest of 
autologeous bone graft. Minor complications such as superficial wound infection, 
and temporary loss of sensation are reported in 21-39% of cases, and major 
complications -requiring reintervention or impairing outcome- as deep infections, 
large haematoma, and reoperation are reported in 8-10% 1,22. Persistent pain has 
even been reported in up to 37.8% of all cases at 6 month postoperatively 5. 
The significant complication rate associated with harvesting autologeous bone 
graft from the iliac crest has encouraged the ongoing research in finding alternative 
materials to fill the osteotomy gap. Allogenic bone grafts have an uncertain immune 
10
Figure 1
A. The relative flat lateral femoral (left) condyle is elevated (right) to prevent dislocation 
of the patella. B. A curved intra-articular osteotomy is made with osteotomes and 
(C) fixed with a structural bone graft taken from the iliac crest. We did not use 
osteosynthesis material to fill the gap after the osteotomy. In some patients we 
encountered problems with the iliac crest donor site.
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response, may transfer diseases, and have a tendency to be swiftly resorbed 2 and 
are therefore not the replacement material of first choice.
An ideal biomaterial to fill the gap after a lateral femoral condyle osteotomy should 
be biocompatible, osteoconductive and the resorption rate must be slow enough to 
permit the ingrowth of an adequate amount of bone. Ceramics based on tricalcium-
phosphate, hydroxylapatite or biphasic mixture of these two might meet all the 
mentioned criteria and might be particular suitable for filling a gap after an intra-
articular osteotomy. Corraline Hydroxylapatite (CHA) is a calciumphosphate derived 
from a coral genus. Using a replamineform process the natural calciumcarbonate 
skeleton is heated and by that transformed into a hydroxylapatite. Particularly the 
mechanical properties of CHA resembles those of trabecular bone (Table 1).
In various animal studies incorporation of new bone into CHA has been 
described 6,7-14. In these studies CHA appeared biocompatible and osteoconductive, 
but in all these studies CHA was used extra-articularly and in combination with 
osteosynthesis material. No reports on the intra-articular use of CHA without fixation 
material have been described. Intra-articular (bio)materials have the potency to 
induce severe synovitis or cartilage damage if biomaterial particles are liberated 
into the joint4. Moreover, due to different intra-articular tissue homeostasis 
incorporation of bone into the CHA matrix can be compromised by the dynamic 
conditions in the joint compared to extra-articular implantation.
The aim of this research is to avoid the adverse iatrogenic effects of an iliac crest 
autograft when correcting a trochlea dysplasia of the knee in humans. Therefore 
this goat study was performed to asses if CHA can be safely used as alternative of 
an autograft. Histology was used to study the incorporation into bone and compare-
articular cartilage and synovium of the implant groups in comparison with bone 
graft and control joints.  
Materials and methods
The study was preformed on 20 skeletally mature Dutch milk goats (Capra Hircus 
Sana) of about 6 years old weighing between 40 and 50 kilo’s.  We used two groups 
of 10 goats. The goats are randomly assigned to either of the groups. In the CHA 
group a femoral condyle defect is filled with CHA. In the autologeous bone graft 
group the defect is filled with autologeous bone graft from the proximal tibia. 
General anaesthesia was induced by intravenous Nembutal and Atrophine and 
maintained via endotrachial intubation with a mixture of 60% nitrous oxide, 39% 
oxygen and 1% halothane. 
Surgery 
After 500 mgr of ampicilline had been administered the entire extremity was 
prepared and draped. A parapatellar incision was made in the left knee joint and 
extended distally along the femoral condyle. The retinaculum is opened in the 
direction of the femur. A 10-mm diameter, 20 mm deep trochlea defect is created. 
In the CHA group the gap is filled with a hand trimmed CHA graft made to snugly 
fill the defect. In the autograft group the gap is filled with a 10-mm diameter 20 mm 
long autologeous structural bone graft derived from the proximal tibia. 
The synovium is closed over the created defect. No osteosynthesis material is 
needed for stabilization of the defect; the circular defect is inherently stabile.
Postoperative management
Postoperative pain management was with NSAID’s and Buprenophine. At day two 
the goats returned to the farm. They received tetracycline (25 mg/kg body weight) 
at the end of post-op week 4, alizarin complexon (30 mg/kg) at the end of post-op 
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Table 1  
Properties of corraline hydroxyapatite and trabecular bone
    Corraline hydroxyapatite 500  Trabecular bone
Pore diameter   270-650 µm    300-1500 µm
Porosity   60-70%    75-95%
Density   0.8-1.0 g/ml    0.2-1.0G/ml
Compressive strength  2-6 MPa    2-5 MPa
The porosity and density of corraline hydroxyapatite are similar to trabecular bone.  
For a good osteoconductivity porosity is essential. The ideal pore is 100 to 500 µm 
wide. Smaller pores prevent bone ingrowth and cause the formation of osteoid instead 
of bone, while bigger pores are less resistant to forces. Data from Shors 18.
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week 8, and calceine green (25 mg/kg) at the end of week 12 the day before killing 
by an overdose of Natriumpentobarbital.
Histology
After killing the goats the knees are examined in situ and dissected free. Bilateral 
synovium biopsies were taken from the operated left knee (N=10, 20 biopsies for 
the CHA group and the bone group) and the non-treated right knee (control, N = 6, 
12 biopsies) at the medial and lateral sides. All biopsies were fixed in Phosphate 
buffered 4% formalin, embedded in paraffin and serial sectioned. Synovial reactions 
in all sections were scored with a semiquantitative grading system. Synovial 
reactions in all sections were scored with a semiquantitative grading system. 
No inflammation is grade 0, and severe inflammation with abundant macrophages, 
giant cells and PMN leucocytes is grade 4 21. 
To investigate the vitality of the chondrocytes in the trochlea two thin (3 mm) slices 
of the trochlea were stained with CMFDA (Cell Tracker Green) and Propidium 
Jodide to visualise dead (red) and living (green) chondrocytes 16. After staining the 
slices were viewed on a fluorescent microscope at 100X magnification using 
ultraviolet illumination and photographed with an Olympus C3040 digital camera. 
After this procedure the slices were fixed in buffered formalin. One slice was 
decalcified in 10% EDTA, embedded in PMMA, and thin-sectioned (5 _m). Sections 
were routinely stained with Haematoxylin and Eosin, or with Safranin O for the 
visualisation of cartilage matrix depletion, or with Tartrate Resistant Acid Phosphate 
to visualise osteoclasts and macrophages. The adjacent slice was embedded non-
decalcified in PMMA and sections (30 _m) were made on a Leitz sawing microtome, 
which were stained with Haematoxylin and Eosin. 
All patellas of the left operated knee joints and 6 patellas of the right non-treated 
knee joint were processed for decalcified histology. Sections (5 _m) were stained 
with Haematoxylin and Eosin and with Saffron O for the visualisation of matrix 
glycosaminoglycans. Analysis of the CHA scaffold and bone graft group was 
performed by a previously described scoring system 15. In this score the scaffolds 
is assessed on the amount and nature of the new bone, number of fibroblasts, the 
vascularity and the integration at the edges (Table 2). The effect of CHA on-articular 
cartilage was assessed by the Mankin score 13. In this score the level of disruption 
is assessed based on the structure of the cartilage (normal is grade 0, complete 
disorganisation is grade 6), the cellularity of the cartilage (normal is grade 0, 
hypocellularity is grade 6), the staining of the matrix by Safranin O (normal staining 
is grade 0, no staining at all is grade 4), and if the tide mark is intact (intact is grade 
0, perforated by blood vessels is grade 1). A score of each sample is obtained by 
summarising al individual scores.
Results
Clinical observations
Wound healing was uneventful in all animals. After opening of the joint cavity all 
joints looked normal with normal small quantities of clear synovial fluid and no 
macroscopic signs of synovitis.   
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Table 2  
Grading of bone healing for histological evaluation 15
New bone:  None Scattered  Thin sheet Bone table 2.6 2.4
amount  islands with trabeculae  
New bone: type None Woven Mixed Lamellar 2.0 2.0
Fibroblast Large amounts Moderate Some None 1.0 2.0
Inflammation Severe Moderate Some None 2.0 3.0
Vascularity None Few Moderate Normal 3.0 3.0
Edge bone  None Some Moderate Extensive 2.1 3.0
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Three knees could not be scored because of inadequate quality of the coupes.  
All the CHA graft were amendable for scoring.
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Histology
Corraline hydroxylapatite 
Irrespective to the group, CHA or bone graft, in all specimens vascularity was 
restored to normal and no inflammatory reaction was found (table 2). In general the 
CHA was clearly visible in the non-decalcified specimens (Figure 2 and 3). In most 
specimens the CHA was intact. The integration with the surrounding bone was 
always complete (Figure 3) and no fibrous tissue was present between CHA and 
the host bone. In al specimens abundant bone was present on the surface of the 
CHA (Figure 2-4). Locally red stained osteoclast-like cells were present on the 
surface of the CHA but deep resorption pits were scarce (Figure 5). In three 
specimens, of which two were placed too deeply penetrating into the trochlear 
groove, and one was placed to superficial, local fragmentation of CHA was found. 
Fragmented CHA was not incorporated into bone and was surrounded by fibrous 
tissue and numerous red stained macrophages, giant cell and osteoclasts-like cells 
but the resorption was limited to few resorption pits (Figure 6 and 7). The defect was 
clearly closed by the CHA and in general the bone that was formed in the ceramic 
followed the original contour of the knee. If the CHA was placed to superficial the 
outer part of the CHA was not filled with fibrous tissue and not with bone (Figure 2).  
Bone graft
The bone graft had been mostly remodelled into a new bone structure (Figure 7). 
Occasionally remnants of bone graft, as indicated by the empty osteocytes lacunae, 
were visible in the newly formed trabecular bone (Figure 8). The new bone was a 
mixture of woven and lamellar bone. The density of the new bone was variable. 
In some specimens the new bone had a normal density, in others the grafts was 
replaced by osteopenic bone or the defect was even almost completely empty and 
in such case filled with fat marrow. In two specimens enchondral formed bone had 
been formed, as was evident from the small Safranin O positive cartilage islands, 
which were embedded in bone. In all other specimens direct intramembranous 
bone formation on the remnants of the bone graft took place. In the defect sites 
moderate amounts of fibrous tissue areas were present. Most fibrous tissue was 
present at the interface of the original defect and the joint space. Active bone 
formation was present in most defects bridging the defect opening to the joint 
cavity, but not all defects were completely closed yet.
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Figure 2
Macroscopic evaluation of the 
transverse coupe. The CHA 
implant is clearly visible in the 
condyle (arrow). Bar is 5mm. 
Figure 3
Enlargement of boxed area of 
Figure 2. Notice new bone on the 
Hydroxylapatite (CHA) and the 
good integration with the host 
bone (HB). Closer to the joint 
fibrous (FT) tissue is present but 
this is not visible with this stain. 
Bar is 1 mm.
Figure 4
HE stained section of  
Coralline Hydroxylapatite (CHA) 
incorporated into new bone 
(NB). Bar is 50 µm.
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Cartilage
Irrespective to the group all cartilage surfaces, both of the trochlea and patella, 
looked normal. Occasionally on the surface of the-articular cartilage scattered cells 
were present with picnotic nuclei or cells that did not stain with HE. In both the CHA 
and the autologeous bone group, Safranin O staining was found up to the surface 
of the cartilage. With the dead life assay scattered red dead cells were found 
throughout the cartilage (Figure 9). On the surface of the cartilage more dead cells 
were found (Figure 9). With the green fluorescent dye al the other cells stained 
abundant (Figure 9). Also with these straining no clear differences were found 
between the bone graft and CHE specimens or between the operated and contra-
lateral side.   
Scores of-articular cartilage were performed on cartilage of the patella. In HE 
sections the surface was smooth and the superficial located chondrocytes were 
almost all vital without fibrillation, areas of swollen cartilage or chondrocyte 
clustering. The Mankin score were very low for all specimens. The mean score was 
1.33 (from 0-2) for the bone group, 1.38 (from 0-2) for the CHA group, and 0.833 
(from 0-2) for the control group. There was no significant difference between the 
bone graft, CHA and control specimens.   
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Figure 5
TRAP stained section showing 
locations of remodelling  
with osteoclasts (arrows)  
located against the Coralline 
Hydroxylapatite (CHA).   
NB is new bone. Bar is 50 µm.
Figure 6
HE stained section showing 
fragmented CHA granules  
surrounded by fibrous tissue 
(FT) containing numerous 
macrophages and multi-
nucleated giant cells (arrows). 
Bar is 50 µm.
Figure 7
TRAP stained section showing 
numerous positive red stained 
macrophages and giant cells 
around the fragmented CHA 
particles. Bar is 50 µm.
Figure 8
HE stained section of new bone 
of bone graft specimens. Notice 
remnants of necrotic bone graft 
(BG) incorporated in new bone 
(NB). Bar is 100 µm.
146 147
Synovium 
Irrespective to the origin, synovium biopsies had a normal appearance (grade 0). 
The synovial lining was rather thin and there was no macrophage infiltration in any 
of the specimens, no accumulation of lymphocytes around blood vessels or 
hypertrophy of the lining or the presence of giant cells (Figure 10).
Discussion
The currently used animal model has limitations. In a pilot study we found that 
surgical elevation of the goat trochlea is not possible. This is due to the deep and 
steep trochlea in goats and other smaller mammals compared to human trochlea. 
In humans the sulcus angle (the angle between the femoral condyles in the sagittal 
plane) is approximately 145 degrees, while in the operated goats we suspect it to 
be around 60 degrees. When the goats trochlea is elevated a further 3 to 10 mm 
this would result in postoperative maltracking of the patella and possible pain. 
Therefore it was decided to make an intra-articular circular defect in the goat’s 
femoral condyle instead of a true osteotomy. 
Our findings after intra-articular implantation are in accordance with published 
results after extra-articular implantation 7,8,14,17,19,20. None of the authors have 
observed any adverse effect such as infection or immunologic reactions or other 
sign of altered biocompatibility in their studies. In this study we have also not found 
any adverse effect of intra-articular CHA when compared to structural bone graft. 
We observed no difference in macroscopic (synovitis) or microscopic changes in 
synovial activity or articular cartilage after implantation of CHA. Also no macrophages 
or CHA particles were found in any of the synovium biopsies which indicted that the 
implanted materials remained in the bony location and if fragmented was 
encapsulated in fibrous tissue at the surface of the defect.
The volume percentage of bone in-growth in CHA differs between studies. In a 
previous study on goats the volume percentage of extra-articular bone was between 
20 and 61% after twelve weeks 23. In dogs the in-growth of bone in CHA was then 
74% in a cortical bone site14. In rabbits there was 39% volume percent bone 
ingrowth after 26 weeks 11. The good bone ingrowth might be due to the fact that the 
structural characteristics of CHA resemble those of trabecular bone (see Table 1). 
We observed a considerable bone ingrowth in both groups. In the CHA group we 
observed moderate to complete bone ingrowth in most areas of the implanted CHA 
block. However in some areas no ingrowth was observed. More reasons for this can 
be identified. The difference in bone in-growth might be in part be explained by the 
initial lack of fit of CHA with the surrounding bone. CHA samples were custom fitted 
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Figure 10 
Dead life assay
A red stained dead chondrocytes in CHA specimen. B. Same section but now green 
fluorescence showing living chondrocytes. Bar is 500 µm. 
A B
Figure 9
Synovium of CHA group. 
Bar is 50  µm.
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by hand, and although the graft was aimed to fit snugly, in some cases suboptimal 
contact might have jeopardised the ingrowth process in some of the specimens. 
However, in the histology the original interface between implant and bone was not 
recognisable due to the ingrowth and remodelling of the bone indicating that a gap 
might have delayed the ingrowth process but did not lead to failed integration of the 
CHA with the host bone. A second reason might have been the location of the areas 
of lacking bone ingrowth. Particularly if the implanted CHA was elevated above the 
original level of the joint contour, no ingrowth of bone was found in this area and 
more fibrous tissue was present. Most fragmented CHA was also found in this 
superficial region, probable as a result of the insertion procedure. Moreover at this 
location at the surface of the implant, loading might have been lacking or was 
suboptimal or on the other hand dynamic conditions of the joint and resulting fluid 
pressure might have played a role in these areas. Finally, the follow up period of 12 
weeks might have been to short for complete ingrowth in all the locations of the 
specimen. 
In the autologeous bone group we observed a variable bone formation after 
resorption and remodelling of the bone graft. In all specimens almost all bone graft 
must have been resorbed during revascularisation since remnants of bone graft 
were scarce. In some specimens the graft was replaced by abundant new bone, in 
others the graft was replaced by more osteopenic bone surrounded by fat marrow. 
The locally observed absence of bone in the autologeous bone group might be 
explained by local differences in the loading pattern of the autologeous bone graft 
due to small differences in the location of the graft in the distal femur. Also in the 
control bones there is a rapid transition of trabecular bone more proximally into fat 
marrow more distally. 
Between the bone graft and CHA the amount and type of new bone is comparable. 
We observed less inflammation and less fibrous areas in the bone group. This is 
mainly due to the fibrous tissue reaction around the locally fragmented CHA. 
The autologeous bone is resorbed and remodelled and in general this type of bone 
does not induce any inflammatory reaction. Table 2 shows that the overall 
histological score was slightly better in the bone graft group than in the CHA 
group. 
It is unknown whether the graft in the current model shared load. Probably the loads 
shared by the (postoperative) animal trochlea are different from loads shared in the 
human trochlea. This is thus due to the different procedure compared to that usu-
ally performed in humans and the different loading pattern may have influenced the 
bone ingrowth and remodelling. Because the gap in the femur only minimally 
jeopardizes the rigidity of the distal femur, the graft may be stress-shielded, causing 
unloading of the graft with slower remodelling during the incorporation process as 
a result, which may also be the case in the current study 9. In humans the created 
gap is bigger, and this gap does share load. Remodelling may be faster when the 
graft is less stress shielded.
These in vivo preclinical results show that CHA is biocompatible and osteoconductive. 
It can be safely implanted intra-articular. Preclinical development is essential in 
evaluating bone ingrowth kinetics and the potential biological risks. 
Conclusions
The present study shows that corraline hydroxyapatite can be used to fill an intra-
articular defect of the femoral trochlea. When compared to autologeous bone graft 
histological investigation at 12 weeks showed that there was no inflammatory 
reaction in the synovium of both groups, good bone ingrowth in the Corraline 
Hydroxylapatite group and bone resorption, remodelling and new bone formation in 
the autologous bone graft group. 
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Summary
Aim 1. Identification of clinical aspects of patellar instability
In section A we presented the clinical aspects of objective and potential patellar 
instability. There are four main causes of patellar instability: 1. trochlea dysplasia, 
2. tibial tuberosity lateralisation, 3. patella alta, 4. medial patellofemoral ligament 
insufficiency. In chapter 2 we presented patients with a range of causes leading to 
patellar instability. With simple diagnostics one can distinguish between patella alta 
and trochlea dysplasia as causes of patellar instability. A lateral radiograph can be 
used to identify a patella alta. A trochlea dysplasia can also be assessed on a true 
lateral radiograph. A tibial tuberosity lateralisation can not be assessed on a true 
lateral radiograph. In chapter 3 we described the conservative and operative 
management of primary patella dislocations. Immobilisation for a number of weeks 
is the most indicated treatment for a primary patella dislocation. Surgical intervention 
is only indicated, when there are osteochondral fractures that require refixation. 
The most important complication is recurrent dislocation. When there is recurrent 
instability, surgical intervention can be considered. In the latter the anatomical 
abnormality causing the instability needs to be corrected in order to achieve 
satisfying results.  
Aim 2. Identification of radiological aspects of patellar instability
In section B we evaluated various radiologic parameters that can be used to detect 
anatomical deficiencies leading to patellar instability. Chapter 4 describes our study 
to determine the amount of rotation acceptable without over- or under diagnosing 
trochlear dysplasia on a conventional lateral radiograph. Trochlea dysplasia can 
only be detected on a true lateral radiograph with both condyles strictly super-
imposed. Even a slight rotation aberration will lead to a false positive or negative 
outcome. We find the best way to obtain well aligned radiographs is to use an image 
intensifier. The radiographer is able to adjust the position of the knee and the x-ray 
beam until a perfect image is formed. A high resolution image can then be taken for 
subsequent examination.
Lateralisation of the tibial tubercle relative to the trochlear groove can cause patellar 
instability. If an increased distance between the tibial tubercel and the trochlear 
groove is detected a tibial tubercle medialisation to correct the anatomical 
deficiency can be accurately planned using the quantitative CT measurement. 
However, in our clinical practice we experienced some difficulty with the interpretation 
of the CT scans. Identification of the anatomical structures on the superimposed 
maximum intensity projection (MIP) can be difficult. In chapter 5 we described a 
novel method based on native CT images, not using the superimposed maximum 
intensity projection image. With this novel method we improved the accuracy of our 
measurement by 25%. In chapter 6 we set out to determine the relationship between 
the tibial tubercle trochlear groove distance on CT and an axial conventional with 
external determination of the tibial tubercle and femoral epicondyles using lead 
markers. We devise a new technique to measure the tibial tubercle trochlear groove 
distance on axial CR based upon the principles of the tibial tubercle trochlear 
groove distance in reformatted CT analysis.  We conclude however that this new 
axial conventional radiograph method can not replace CT scan to identify the tibial 
tubercle trochlear groove distance.
Aim 3. Description of surgical results for patellar instability
Section C describes the operative results of surgical interventions designed to 
correct anatomical deficiency leading to patellar instability. If the OPI is caused by 
trochlea dysplasia, causing an insufficiency of the articular surface of the lateral 
femoral condyle a lateral elevation of the articular surface should be considered. 
A cadaver study showed that after flattening of the lateral articular surface of the 
femoral trochlea the force needed to cause 10 mm of lateral displacement drops by 
70%, which supports to elevate the lateral wall when a trochlea dysplasia is 
diagnosed. In chapter 7 we described the indications, the operation technique and 
the results of an anterior lateral femoral condyle osteotomy (trochleaplasty) for 
correcting OPI. A total of 16 consecutive patients (19 knees) with symptoms of 
recurrent patellar instability and trochlear dysplasia identified using a true lateral 
radiograph of the knee underwent an anterior lateral femoral osteotomy. Outcomes 
were documented at 2 years minimum follow-up. In 17 knees patients reported 
good improvement in stability (no  dislocations) and most patients had a marked 
improvement in pain and functional scores at follow up (mean follow-up 51 months). 
The Lysholm scale improved from 51.1 to 77.6 (p=0.0002), the patellofemoral score 
impoved from 25.7 to 37.0 of 50 (p=0.005), WOMAC score improved from 28.4 to 
14.1 of 96 (p=0.006). On conventional radiographs we noted progression of osteo-
arthritis in only two knees. No serious complications occurred. Anterior femoral 
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osteotomy of the lateral condyle appears to be a satisfactory and safe method for 
treating patients with patellofemoral joint instability caused by trochlea dysplasia.
 
Distal malalignment caused by and increased tibial tubercle trochlear groove 
distance is another factor has shown to be a important cause of patellofemorale 
instability. It can lead to recurrent dislocations (objective patellar instability), or to 
pain caused by lateral tracking of the patella (potential patellar instability). In a 
prospective, controlled cohort study in we evaluated the results of a tubercle 
transfer for treating distal malalignment. We consider a tibial tubercle trochlear 
groove distance of more than 15 mm as pathologic. In chapter 8 we presented the 
indications, the operation technique and the results of a  modified tibial tubecle 
transfer for patients with potential or objective patellar instability. 30 Consecutive 
patients with potential patellar instability and 30 patients with objective patellar 
instability and an tibial tubercle trochlear groove distance of more then 15 mm were 
included. Outcomes were documented at 3, 12 and 24 months follow-up using the 
Lysholm scale, the Kujala score, and a visual analogue pain score. Postoperatively 
all but one patient reported good improvement in stability (no persistent subluxations 
sensations or dislocations). All patients had a marked improvement in pain and 
functional scores at follow up. Complications seem to be related to the peroperative 
technique. This modified tibial tubercle transfer appears to be satisfactory and safe 
method for treating patients with patellar instability caused by distal malalignment. 
If patella dislocation occurs, this can result in a chondral and osteochondral 
fractures of the knee joint. The incidence of a chondral or osteochondral fracture 
after a patellaluxation has been estimated to be as high as 8,4%. Three fracture 
types have been described: an inferomedial fracture, a lateral femoral condyle 
fracture and a combined “kissing” lesion. 
Patients presenting with a patella dislocation and a concomitant osteochondral 
fracture are often relatively young. To prevent the complications associated with 
chondral and osteochondral fractures, various surgical therapies have been 
described. If only the patellar cartilage is impaired surgical therapy can consist of 
a simple resection of the lose fragment. Osteochondral fractures of the lateral 
femoral condyle are more severe lesions. They require a more aggressive surgical 
approach because refixation must be pursued. There are no recent publications on 
the surgical treatment options of lateral femoral condyle osteochondral fractures 
acquired after patella luxation, despite introduction of new resorpable materials. In 
chapter 9 we will described the surgical fixation with PLA pins of a osteochondral 
fracture of the lateral femoral condyle acquired after a patella luxation. We believe 
that an osteochondral fragment of the lateral femoral condyle, consisting of enough 
subchondral bone and measuring 1 cm 2  or more must be refixated if possible. 
The fragment can be fixated with resorbable and non resorbable materials. 
Resorbable materials provide enough mechanical stability and will disintegrate after 
consolidation. Nowadays, resorbable materials can be used for refixating most 
osteochondral fragments and only very large fragments should be refixated using 
non resorbable materials. In this case report we presented the successful refixation 
of an osteochondral fragment using PLA chondral darts.  In chapter 10 we assessed 
if a Corraline Hydroxyapatite is suitable to fixate and open wedge lateral femoral 
condyle osteotomy. An autogenic bone graft used to fixate the open wedge lateral 
femoral condyle osteotomy is associated with autogenic bone graft related 
morbidity. In an in vivo study we studied if Corraline Hydroxylapatite (CHA) is a 
suitable material to replace autologeous bone graft to fill a defect in the femoral 
trochlea of goats. 
CHA did not evoke any negative reaction in the synovium, and the articular cartilage 
was comparable to controls. In the control group we found scattered areas of 
(enchondral) formed bone. Most bone graft had been resorbed or remodelled and 
the scarce remnants were incorporated into new bone. Resorption of CHA was 
limited or absent and most CHA was surrounded by new bone. In areas with 
fragmented CHA, close to the joint surface, numerous giant cells were found. 
The study shows that in this animal model CHA inserted in a gap that directly 
communicates with the joint space incorporates into bone. This study did not show 
any negative effects of CHA in a joint environment. 
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Conclusion
We conclude that:
•  that surgical treatment of patellar dislocations can be considered in patients with 
recurrent patellar dislocations. A primary patellar dislocation can be managed 
conservatively with short immobilisation (aim 1). 
•  In patients with recurrent dislocation the cause of patella instability must be 
assessed by a true lateral radiograph and a axial CT scan. On a true lateral 
radiograph the relative patellar height and trochlea dysplasia can be assessed. 
A CT scan is needed to assess the tuberosity lateralisation and patellar tilt (aim 2). 
•  We describe the successful operative results of a trochleaplasty and tuberosity 
transfer for treatment of recurrent dislocations (aim 3).
We conclude operative intervention can be indicated for recurrent patellar instability. 
Good results of operative treatment of recurrent patellar dislocation can be achieved 
if the surgical correction is aimed at the anatomic abnormality. To identify the 
anatomic abnormality a true lateral radiograph and a axial CT scan is needed. 
Primary patellar dislocations can be managed conservatively by short during 
immobilisation.
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Uit verschillende internationale en Nederlandse studies blijkt dat patellofemorale 
klachten veel voorkomen. Deze klachten kunnen worden veroorzaakt door 
anatomische afwijkingen van het kniegewricht. Een studie onder Israëlische leger 
rekruten meldt bijvoorbeeld dat 25%  van de rekruten beperkingen ondervindt door 
patellofemorale klachten. De klachten kunnen wisselen van milde belastings-
afhankelijke pijnklachten tot ernstige invaliderende pijn en herhaalde ontwrichtingen 
van de knieschijf, waarbij de knieschijf van zijn plaats schuift en dan ernstige pijn 
veroorzaakt (figuur 1)
In Nederland zijn klachten van het bewegingsapparaat met 15% de meest voor-
komende klachten bij de huisarts. Na rugklachten zijn knieklachten de meest 
voorkomende redenen om de huisarts te bezoeken. In Nederland is berekend dat 
48 per 1000 patiënten per jaar de huisarts bezoeken voor pijnklachten aan de knie. 
In de meerderheid van de gevallen wordt door de huisarts de diagnose overrekking 
of kneuzing van de knie  gesteld, maar bij  21% van de gevallen is er sprake van 
letsel in het gewricht. Bij negen procent van de patiënten is er sprake van letsel van 
een of meerdere gewrichtsbanden,, bij 6% is er sprake van een meniscus letsel en 
in 3% van de gevallen is er sprake van een patellaluxatie. Mogelijk is er sprake van 
onderrapportage van het aantal patellaluxaties. Het is bekend dat tot 90% van de 
patellaluxaties spontaan terug gaat naar de oorspronkelijk positie. Bij onderzoek 
door een arts is er dan dus geen afwijkende stand van de knieschijf meer te zien. 
De frequentie van patellofemorale pijnklachten is onbekend, deze klachten vallen 
volgens de Nederlanse huisarts genootschap richtlijnen binnen de groep over-
rekking of kneuzing
De huisarts adviseert de patiënt meestal om weer te gaan lopen op geleide van de 
pijnklachten van de knie, zo nodig met behulp van krukken. Daarnaast wordt vaak 
training van de beenspieren geadviseerd vaak onder begeleiding van een fysio-
therapeut. In de  databases, zoals Cochrane en Pubmed is voor dergelijke 
behandeling echter geen wetenschappelijk bewijs  te vinden. Vanaf 1966 zijn er in 
Pubmed met de trefwoorden patella/humans 7141 hits te vinden. Een recente 
Cochrane analyse gaf echter aan dat deze enorme hoeveelheid aan publicaties niet 
geleid heeft tot een duidelijk behandeladvies voor patellofemorale klachten. 
Een viertal Cochrane reviews over de farmacotherapeutische, fysiotherapeutisch, 
“ultrasound” behandeling en de  behandeling  met behulp van een brace  van 
patiënten met patellofemorale pijn lieten zien dat alleen het anabole steroïde 
Nandrolon effectief is in de behandeling van patellofemorale pijnklachten. Door de 
bijwerkingen is het middel Nandrolon echter ondanks zijn goede effecten op de pijn 
zeker geen eerste keus in de behandeling. 
Mogelijk is er bij een subgroep van patiënten plaats voor chirurgische behandeling 
van patellofemorale klachten. Traditioneel wordt het spectrum van klachten door 
afwijkingen aan de knieschijf of bovenbeen ingedeeld van geïsoleerde pijnklachten 
aan het ene eind van het spectrum tot recidiverende  instabiliteit van de patella aan 
het andere eind. Uit een röntgenstudie blijkt dat ook bij mensen met patellofemorale 
pijn soms sprake is van anatomische afwijkingen welke kan leiden tot instabiliteit. 
Er zijn vier groepen van patiënten met patellofemorale klachten te onderscheiden:
1.  patiënten met objectieve patella instabiliteit, dit zijn patiënten met tenminste een 
patellaluxatie en een door röntgen diagnostiek objectiveerbare anatomische 
afwijking
2.  patiënten met potentiële patella instabiliteit, dit zijn patiënten zonder patella 
luxatie maar wel met een door röntgen diagnostiek objectiveerbare anatomische 
afwijking
3.  patiënten met patellofemorale pijn zonder luxaties en zonder objectiveerbare 
anatomisch afwijking
4. patiënten met patellofemorale arthrose.
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Figuur 1
De patella (knieschijf) is  
geluxeerd.
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In sectie A van dit proefschrift wordt ingegaan op dit spectrum van patellofemorale 
klachten. Aan de hand van een aantal ziektegeschiedenissen  wordt de behandeling 
geïllustreerd. Patiënten met een eerste patellaluxatie kunnen het best kortdurend 
met een brace of gips behandeld worden. Direct operatief ingrijpen is meestal niet 
nodig. Alleen in geval van een groot osteochondraal defect veroorzaakt door de 
patellaluxatie moet chirurgisch herstel overwogen worden. In het geval van een 
recidief luxatie kan chirurgische interventie wel nodig zijn. Het doel van de 
chirurgische behandeling is de anatomische afwijking die de patella instabiliteit 
veroorzaakt te behandelen. Er zijn vier afwijkingen die patella instabiliteit kunnen 
veroorzaken: 
1.  trochlea dysplasie, een te ondiepe trochlea waardoor de patella makelijker naar 
buiten luxeert (figuur 2)
2.  patella alta, een ten opzichte van de trochlea te hoge patella waardoor de patella 
pas bij meer flexie van de knie goed in de trochlea spoort en dus meer gelegen-
heid heeft te luxeren
3.  tuberositas tibia lateralisatie. De aanhechting van de patellapees op de tuberosi-
tas tibia is ten opzichte van de trochlea te veel naar lateraal. Hierdoor wordt de 
patella door de patellapees bij aanspannen van de quadricepsspieren naar de 
lateraal getrokken. Dit kan leiden tot pijnklachten of patella luxaties
4.  letsel van het mediale retinaculum en het mediale patellofemorale ligament. 
Hierdoor is het retinaculum verzwakt en kan de patella gemakkelijker naar late-
raal luxeren (figuur 3).
Met behulp van röntgen diagnostiek kan de anatomische afwijking gediagnosticeerd 
worden. In sectie B wordt ingegaan op de diagnostiek naar de genoemde vier 
afwijkingen. Om trochlea dysplasie te diagnosticeren is een zuiver zijwaardse 
gewone röntgenfoto nodig. Tuberositas tibia lateralisatie kan alleen met een CT 
scan vastgesteld worden. Met een door ons beschreven techniek kan dit zeer 
nauwkeurig gebeuren.
In sectie C wordt ingegaan op de resultaten van operatieve ingrijpen. Indien er 
sprake is van objectieve patella instabiliteit door een trochlea dysplasie kan een 
ophoging van de laterale zijde van de trochlea overwogen worden. Wij hebben de 
resultaten van 19 procedures geëvalueerd. De bereikte resultaten zijn goed. Bij de 
meeste patiënten verbeterden de klachten aanzienlijk en trad geen herhaling van de 
knieschijf ontwrichting meer op. Indien instabiliteit veroorzaakt wordt door 
tuberositas lateralisatie kan een medialisatie van de tuberositas overwogen worden. 
Wij vergeleken de resultaten van patiënten met een tuberositas trochlea afstand van 
meer dan 15 mm van patiënten met objectieve patella instabiliteit (groep 1) met 
patiënten met potentiële patella instabiliteit (groep 2). De patiënten werden 2 jaar 
prospectief vervolgd. In beide groepen was er een statistisch significante 
verbetering in functionele score en pijnreductie. Er was echter geen verschil tussen 
de beide groepen. Tenslotte hebben we willen beoordelen of een kunstmateriaal in 
plaats van een autologe botgraft gebruikt kan worden om de eerder genoemde 
ophoging van de laterale zijde van de femurcondyl te fixeren. In een dierexperimentele 
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Figuur 2
Door de trochleadysplasie welke 
zichtbaar is op het linker plaatje 
kan de knieschijf makkelijker 
luxeren.
Figuur 3
Door een inscheuring van het 
mediale (binnenste) retinaculum 
kan de knieschijf ook makkelijker 
luxeren.
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studie met geiten werd de autologe botgraft vergeleken met Pro Osteon, een 
hydroxyapatiet koraal gederiveerde graft. In deze studie bleek Pro Osteon geschikt 
voor gebuik in een gewricht.
Concluderend kan gesteld worden dat in een subgroep van patiënten met patello-
femorale klachten er succesvol operatief ingegrepen kan worden. De onderliggende 
anatomische afwijking moet met röntgen onderzoek vast gesteld worden. 
Het chirurgische ingrijpen moet er op gericht zijn de anatomische afwijking te 
corrigeren.
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Over de diagnostiek en behandeling van patella instabiliteit is door verschillende 
auteurs vanaf begin 1900 veel gepubliceerd. De in dit proefschrift gepresenteerde 
studies zijn geïnspireerd op eerder werk van Henri Dejour uit Lyon, Albee uit New 
York en anderen. 
Een proefschrift schrijft men niet zonder hulp. Op deze plaats wil ik een aantal 
mensen bedanken voor hun bijdragen aan mijn proefschrift. 
Vier jaar geleden werd ik bij mijn promotor professor Albert van Kampen thuis 
uitgenodigd. Samen met Corné van Loon hebben wij, onder genot van enkele 
glazen goede wijn, een ambitieus plan voor een proefschrift over patella instabiliteit 
bedacht. Het proefschrift zou binnen vier jaar af zijn. Dit is ons gelukt! Deze vier jaar 
waren een tijd van veranderingen en belangrijke momenten. Het promotie onder-
zoek was leerzaam en intensief. Ik heb goede herinneringen aan de zeer intensieve 
samenwerking met de medeauteurs.
Beste Albert, jouw passie voor het orthopedisch vak in het algemeen en dit 
onderwerp in het bijzonder bleek uit onze vele overleg momenten. Vaak was het 
lastig voor ons om bij het onderwerp te blijven omdat er nog zo veel andere leuke 
dingen zijn om over te discussiëren. Ons overleg dreigde daarom vaak  uit te lopen. 
Gelukkig was Monique altijd bereid een afspraak voor een volgend overleg te 
maken. Het recente proefschrift van Ernie Bongers en mijn onderzoek zullen in de 
toekomst zeker nog een vervolg krijgen. We zullen elkaar hierover, hoop ik, nog 
vaak spreken. Bedankt voor je steun bij dit onderzoek en je enthousiaste 
begeleiding. 
Tijdens het schrijven van het proefschrift raakten steeds meer mensen bij dit project 
betrokken. Zonder de grote  steun van Ate Wymenga waren in mijn  proefschrift 
nooit  zoveel publicaties opgenomen. Het proefschrift hield je al jaren bezig. Ik heb 
erg veel respect voor jou als innovatief orthopedisch chirurg en initiator van vele 
projecten. Ons artikel over een door jouw gemodificeerde tuberositas transfer had 
niet geschreven kunnen worden zonder jouw inspanningen en die van Miranda Diks 
en Patsy Anderson. Patsy, je maakte steeds tijd vrij om met je specifieke expertise 
een bijdrage te leveren aan dit artikel en ook aan een aantal  andere artikelen. 
Terwijl je  eigenlijk minder wilde gaan werken kon je het gelukkig toch niet laten 
om ons steeds behulpzaam te zijn met de data analyse en de correctie van de 
artikelen.
Pieter Buma was nauw betrokken bij de opzet en uitvoering van de dierexperimentele 
studie. Ondanks je drukke bezigheden maakte jij steeds tijd vrij om ons op korte 
termijn te helpen met het voltooien van de studie en het artikel. Je hebt me geholpen 
mijn weg te vinden binnen de CDL zodat het dierexperimenteel werk kon worden 
uitgevoerd. Zonder jou was het nooit tot dit artikel gekomen.
In een later stadium raakten anderen bij dit project betrokken. Dean Pakvis, Frank 
Wagenaar en Siebren Tigchelaar, allen op dat moment nog vroeg in hun 
orthopedische carrière, hebben bewezen goede wetenschappers, schrijvers en 
dokters te zijn. Hun bijdrage heeft geleid tot  mooie artikelen, maar ook herinner 
ik me de zeer  prettige samenwerking. Ik wil jullie hiervoor danken.
Schrijfadviezen kreeg ik van Albert (“prima, maar er moet nog wat gewijzigd 
worden”), Corné (“prima”), Job (“misschien moet je het zelf nog even doorlezen”), 
Ate  (stimulerend) en Patsy,  (corrigerend). Ik heb er veel van geleerd.
Mijn opleiders, professor Veth, dr. Rijnberg en dr. Wymenga wil ik danken voor de 
tijd  en de interesse in mijn proefschrift en de ruimte die ik tijdens de opleiding heb 
gekregen om aan dit onderzoek te werken.
Mijn promotieonderzoek heb ik uitgevoerd tijdens mijn opleiding. Ik wil graag de 
staf van het Rijnstate in Arnhem,  de Sint Maartenskliniek en het Radboud bedanken 
voor mijn opleiding tot orthopedisch chirurg. Ook voor de genoten opleiding wil ik 
speciaal mijn opleiders hartelijk danken. 
De leden van de manuscriptcommissie wil ik danken voor de tijd die zij hebben 
besteed aan  de beoordeling van dit manuscript en de waardevolle suggesties die 
ze hebben gegeven.
Danielle bedankt voor de tips, de gezelligheid en etentjes. Tony van Tienen, Rico de 
Visser en Peter Farla hebben me met raad (Rico en Tony) en daad (Peter met zijn 
ogen dicht) ter zijde gestaan. Mijn collega assistenten Ingrid, Adam, Arnold, 
Bastiaan, wil ik bedanken voor hun bijdrage in woord en daad en hun hulp tijdens 
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patiëntgebonden bezigheden. Ik heb me in de Nijmeegse assistenten groep altijd 
erg prettig gevoeld. 
De relativerende desinteresse van mijn broer, vrienden, collegae en ploeggenoten 
heeft mij geholpen dit proefschrift in het juiste licht te zien. Toch ben ik trots om 
Jan Joris, Joost, Sjoerd, Frank, Maarten, Albert-Jan, Niek, Cornelis, Jesse en vele 
anderen dit boekje te kunnen laten zien.
Alle genoemde personen ben ik erkentelijk voor hun steun, belangstelling en 
bijdrage aan de totstandkoming van dit proefschrift. Mijn speciale dank gaat uit 
naar mijn vader, voor het lezen van dit manuscript, zijn commentaar en zijn steun. 
En naar mijn moeder, op wiens tijd en steun ik altijd kan rekenen. Mijn heel speciale 
dank gaat uit naar mijn vrouw, Julia. Op jouw liefde kan ik bouwen. Jij gaf mij de 
ruimte om dit onderzoek te doen en dit proefschrift te schrijven. Allen lazen artikelen 
en wisten mij het gevoel te geven dat ze er wel iets in zagen. Tenslotte onze 
kinderen. Lieve Tom en Annelotte, ik geniet dagelijks van de vele mooie momenten 
met jullie. 
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